
From: Gehrig, Greg
To: Goeller, Jon Micah
Cc: Morris, James
Subject: RE: Didion NOV/FOV update
Date: Tuesday, March 26, 2019 8:46:00 AM
Attachments: Handbook of Chem Hazards 1989.pdf

Hi Jon Micah,
 
Do you want to provide this to Patrick:
 
As mentioned in paragraph 30 of the NOV/FOV, EPA used the Handbook of Chemical Hazard Analysis
Procedures (attached), and, in particular, equation B 8 in Appendix B.3, to determine acetaldehyde
emissions.  I observed 3 types of components venting from the top of the fermenators/beer well: 
pressure relief/conservation vents (PRCVs), agitators, and manway seals.   Typically, we don’t
provide our actual calculations (i.e. the Excel spreadsheet), but I assumed that 5 PRCVs, 5 agitators
and 8 manway seals were venting with the following aperture dimensions:

PRCVs – 6.5” radius (i.e. 13” diameter CV plate stuck open), 1/8” aperture;
Agitators – 2.25” radius (i.e. from a 4.5” shaft), 1/8” aperture;
Manway seals – 12” by 1/8” on average. 

 
Other assumptions include:

Concentration of acetaldehyde is 125 ppm, which is typical for industry since no
sampling data for Didion was available.
 0.5 psi (or 14 inches of water) pressure above atmospheric in the fermenters.
The gas released is mostly CO2, which has the same molecular weight as acetaldehyde
(44) with the ratio of specific heats (air to CO2) at 1.289.
The process is in operation 95% of the time.

 

Thanks,
 
Greg
 
 
 

From: Goeller, Jon Micah 
Sent: Tuesday, March 12, 2019 3:05 PM
To: Gehrig, Greg <gehrig.greg@epa.gov>
Cc: Morris, James <Morris.James@epa.gov>
Subject: FW: Didion NOV/FOV update
 
Greg:
 
Patrick is requesting the inputs and calculation information for the case as well.
 
What can we provide on that front?

mailto:gehrig.greg@epa.gov
mailto:goeller.jon@epa.gov
mailto:morris.james@epa.gov
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FOREWORD


Introduction


The Federal Government has a long record of concern about hazardous matenals and therr
potenl1al Impact on people and the envrronment Over the years, several Federal agencIes
have proVlded trammg, techmcal assIstance and guIdance to State and local governments and
mdustry m planmng and response to emergencIes involVlng hazardous matenals. For
example, the Federal Emergency Management Agency (FEMA) pubhshed the Plannzng
Guzde and Checklzst for Hazardous Materzals Contzngency Plans (FEMA-10) m 1981 to
aSSIst commuml1es developmg emergency response plans The Department of Transporta
110n (DOT) has pubhshed several ed1l1ons of the Emergency Response Guzdebook to serve as
guIdance for mll1al acl10n to be taken by rITe fighters, pohce, and emergency servIces
personnel at the scene of transportal1on mCldents mvolvmg hazardous matenals In 1985, the
Environmental ProteC110n Agency (EPA) pubhshed Chemzcal Emergency Preparedness
Program (CEPP) Interzm Guzdance to prOVIde techmcal assIstance for a voluntary program
focusmg on arrborne tOXlC chetmcals under EPA's Nal10nal Strategy for TOXIC Air
Pollutants


Government-wide guIdance on emergency planning for hazardous material was mtroduced m
1987 after the passage of TItle III of the Superfund Amendments and Reauthonzanon Act
(SARA) WIth the pubhcation of the National Response Team's Hazardous Materzals
Emergency Plannzng Guzde (NRT-1). ThIS effort to coordmate Federal plannmg processes
concerning specific hazardous matenals addressed by SARA was followed WIth the joint
publIcanon by EPA, FEMA and DOT of Technzcal Guidance for Hazards Analyszs


Handbook of Chemical Hazards Analysis Procedures


ThIS Handbook ofChemical Hazard Analyszs Procedures has several obJecnves one of whIch
IS to expand NRT-l and the Technzcal Guzdance on Hazards Analyszs document by mcludmg
mfonnanon for explOSIve, flammable, reacl1ve and othefWlse dangerous chemicals Al
though NRT-l was mmed at addressmg plannmg for all types of hazardous matenals, SARA
TItle ill requrred local planners to focus on a speCIfic Iml1al lIst of acutely tOXIC chemlCals
(referred to as Extremely Hazardous Substances) due to therr hIgh mhalanon tOXICIty when
arrborne, and thIS was the pnmary focus of the supplemental gUldance document By
mtroducmg adml10nal methodolOgies on how to plan for these and other dangerous
chemIcals, thIS handbook serves as a steppmg stone from NRT-l and the Technical Guzdance
on Hazards Analyszs to a more comprehensIve approach for emergency plannmg If deemed
necessary and appropnate by the Nanonal Response Team after mstnbunon and field use of
thIS handbook by emergency plannmg personnel, a further enhanced hazard analySIS gUlde
may be prepared m the future.


Because thIs handbook prOVIdes methods to 10vesngate local hazards 10 greater detml than
permltted by earlIer gUldance, results of calculanons us10g arr mspersmn models may mffer
The Federal Government IS cont1Ou1Og to evaluate these types of models and others to
determlne the degree of Impact on calculanons concermng the consequences of a chemIcal
release For these reasons and because thIS handbook requITes use of the accompanY1Og
software for full utIlIzanon, users should carefully assess aCCIdent scenanos selected for
evaluatIOn to ensure that computatIonal procedures are appropnate for the chemIcal bemg







stuched. DIfficulties encountered and suggestions or comments (both positive and negative)
should be subIDltted to DOT, FEMA, and/or the EPA. Be advised that workshops are bemg
planned by these Agencies during 1989 to address comments, gather mput on the handbook
and the related software, and explam their functions SIIDllarly, DOT, FEMA and EPA are
interested in receiving Information on problems and expenences associated Wlth use of the
Techmcal Guzdance on Hazards Analysls document and NRT-l.


Beyond proVlchng admtional methodologies for assessmg the potentiallIDpacts of hazardous
material releases, thIs handbook also expands the three-step hazards analysIs approach
(hazard identification, vulnerablhty analysIs, and nsk analysIs) presented m NRT-l and ItS
supplement by mtroducmg a four-step approach mvolvmg hazard Identification, consequence
analysis, probablhty analysIs, and nsk analysIs In adchtion, It prOVides a tutonal on
hazardous cheIDlcals, suggestions for applymg hazard analysIs results to wntlng and updatmg
an emergency plan, and an expanded mscusslOn of Issues relatmg to sheltenng-m-place
(m-place protection) and evacuation. Because additional projects are underway concern
ing these and other topics described in Chapter 14 and Appendix C of the handbook,
sponsoring agencies are especially interested in comments on these sections. The
workshops mentioned above will provide an opportunity for discussion and comment.
General comments on the handbook, its associated computer program named
ARCHIE, and earlier planning aids are highly encouraged and may also be submitted
in writing to:


Federal Emergency Management Agency
Technological Hazards DIVISion


Federal Center Plaza
500 C Street, S.W


Washmgton, DC 20472


u.S. Department of Transportation
Research and Special Programs AdIDlmstratton
Office ofHazardous Matenals Transportatton


DHM-50, 400 7th Street, S.W.
Washmgton, DC 20590


u.S EnVIronmental Protection Agency
CheIDlcal Emergency Preparedness and Prevention Office


401 M Street, S.W., OS-120
Washmgton, DC 20460


Alternatively, mput to these agencies may be transIDltted Vla use of the Hazardous Matenals
Information Exchange (HMIX) computenzed bulletm board system operated and mamtamed
by FEMA and the DOT. HMIX mcludes a Conference ded1cated to ARCHIE where users
may leave messages, questions or comments relating to the program or handbook, exchange
vlewpomts, and receive responses to mqumes HMIX may be accessed by modem and
commercial phone lme at·


(312) 972-3275







An HMIX users manual and technical assistance can be obtained by calhng·


1-8oo-PLAN-FOR NatlonWlde


or


1-800-367-9592 m lllmOls


If you are unable to access HMIX to submit comments or questions relating specifically to
the computer program, please send them m wnttng to·


ARCHIE Support (DHM-51/Room 8104)
Office of Hazardous Matenals Transportallon


Research and Special Programs AdmImstration
U S Department of Transportation


400 7th Street, S W
Washmgton, D.C. 20590


Additional copies of thiS handbook maybe obtained by writing to


Federal Emergency Management Agency
Pubhcatlons Office
500 C Street, S w.


Washmgton, D.C. 20472
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1.0 INTRODUCTION


1.1 BACKGROUND


The fact that hazardous matenals pose a threat to public safety and the envrronment IS
of Vltal concern to illdustry and all levels of government, particularly ill the aftermath of the
tragedy ill Bhophal, Ind1a, that took over 2000 hves and illJured tens of thousands of others ill
the course of a few hours. Although the safety record of the 011 and gas and chemIcal
manufacturmg and transportauon mdustnes m the Umted States has been excellent ill recent
years, and there has not been a Slmllar catastropmc aCCIdent or illcldent WIth major loss of
Me m the Umted States ill several decades, there IS nevertheless a clear need for constant
vlgl1ance on the part of government agencIes and those responsIble for the movement and
handhng of hazardous matenals to mmumze the possIbility of sIgmficant d1scharges to the
external envrronment. Stml1arly, there IS a clear and possIbly even more urgent need to
ensure that both government and mdustry are prepared to respond qUlckly, efficiently, and
effecuvely ill the event of an aCCIdent to reduce or prevent adverse Impacts on pubhc safety
and the envrronment Ttme IS cnucal ill the frrst moments of an accIdent. A mtsmanaged
response due to a lack of preplanmng can contnbute to the causauon of fatallues and illJunes
as well as an mcrease ill damage to property and the envrronment


The pnmary purpose of thIs handbook and Its aSSOCIated computer program IS to
provIde emergency plannmg personnel With the resources necessary to undertake comprehen
SIve evaluauons of potenually hazardous facl1Iues and actIVItIes WIthill therr respectIve
junsd1ctIons and thereby fonnulate a basis for their planmng efforts Chapters 2 through 8 of
the handbook d1scuss fundamental defillIuons and concepts relatIng to hazardous matenal
propertIes and aSSOCIated threats to public safety. Chapter 9 prOVIdes an overvzew of the
overall hazard analySIS process requrred to identify, charactenze, and evaluate the subject
threats Chapter 10 follows with specIfic gUIdance relatIng to hazard identIficatIon whlle
Chapter 11 proVldes aSSIstance m evaluanng the hkehhood that any given aCCIdent or
inCIdent WIll actually occur m the foreseeable fUMe Chapter 12 descnbes and d1scusses the
Automated Resource for Chemical Hazard Incident Evaluation (ARCHIE) computer
program and how It may be used to conduct consequence analySIS for postulated aCCIdent
scenanos Chapter 13 next gUIdes the user through a sImphfied nsk analySIS procedure
deSIgned to prOVIde a planmng basis, whlle Chapter 14 prOVIdes guIdance on how results of
the overall hazard analySIS process may be utIhzed ill development of a comprehensIve
emergency response plan


Several append1ces to the handbook proVIde add1tIonal guIdance and detaIls Append1x
A IS a tutonal on fundamental mathemaucal skills Append1x B presents an overvIew of the
techmcal baSIS for consequence analySIS procedures, wmle AppendIx C prOVIdes an overvIew
of "Shelter-ill-Place" concepts. AppendIx D follows With the presentatIon of a chemical







compatibility chart for potentially reactive matenals. Appendtx E 1S a gUlde to mstallatton of
the ARCHIE computer program, whl1e Appendtx F ends the handbook W1th the bas1s for
acc1dentfmcident probab1hty analysis procedures


1.2 RELATED PLANNING GUIDES AND DOCUMENTS


Multi-Agency Publications ofthe Federal Government


The National Response Team (NRT) 1S compnsed of representatives of 14 federal
agenc1es havmg major respons1bilitles for 1ssues mvolvmg the environment, transportation,
and pubhc health and safety. It 1S the pnmary body m the Umted States charged w1th
responsibility for planning, preparedness, and response actions related to sp1lls or dtscharges
of oil and hazardous matenals mto the enVlfonment.


The NRT pubhshed the Hazardous Matenals Emergency Planmng GUlde m March
1987 as document NRT-1. Th1S gu1de proVldes a farrly detalled overv1ew of the efforts
required for:


• Selecnng and organ1zmg an emergency plannmg team
• Defming the tasks of the planmng team
• Developmg an emergency plan and mdtVldual plan elements
• Appraismg, tesnng, and mamtammg the plan


The guide focuses on the needs and requIrements of pubhc authontles m local and state
governments but also contams useful mformatlon for mdustnal planmng personnel m terms
of the bas1c elements of the plannmg process. Addtttonally, 1t prov1des mS1ghts mto those
issues of concern to pubhc authontles and the 1mportance of cooperation and coordtnatlon of
emergency planning actiVlties between the pubhc and pnvate sectors. Cop1es of the gu1de
are avmlable by writmg:


Hazardous Matenals Emergency Plannmg GU1de
OS-120
401 M Street, S.W.
Washmgton, D.C. 20460


Subsequent to completion and dtstnbutlon of NRT-1, the U.S. Environmental Protec
tion Agency (EPA), m conjunction Wlth the Federal Emergency Management Agency
(FEMA) and the U.S. Department of Transportation (DOT), pubhshed Technical Guidance
for Haz.ards Analysis -- Emergency Planning for Extremely HaZJlrdous Substances to
fulfill obhgations mandated by the Supe1fund Amendments and Reauthonzatlon Act (SARA)
of 1986. Focusing pnmanly on the hazards assoc1ated Wlth a speclfic hst of h1ghly tOXlC
substances deemed to pose acute mhalatlon hazards when dtscharged into the atmosphere,
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the guide proVldes simplified guIdance for hazard ldentlfication, vulnerabl1lty analysIs, and
nsk analysIs of facilities subject to reportmg reqwrements under Title ill of SARA.
Additionally, the document contains a slmphfied screenmg procedure for rankmg the threats
due to deSignated Extremely Hazardous Substances (EHS) m a community Copies may be
obtained by wntmg the same address given above for NRT-1.


Publications ofthe Federal Emergency Management Agency


The Federal Emergency Management Agency (FEMA) pubhshes the Guide for
Development ofState and Local Emergency Operations Plans (CPO 1-8) and the Guide for
Review of State and Local Emergency Operations Plans (CPO 1-8A), which provide
mformation to emergency management personnel and state and local government officials
about FEMA's concept of plannmg under the Integrated Emergency Management System
(IEMS). ThiS system emphaSizes mtegratton of plannmg for all types of hazards that pose a
threat to a community and proVldes extensive guidance m the coordmatlon, development,
review, validation, and revision of emergency operattons plans.


The concepts 1f not the specific detads of FEMA's guidance are apphcable to
mdlVldual communities and chemIcal facilities m that many such sites may be subject to a
variety of natural and technolOgical hazards. Under a Wlde vanety of crrcumstances, a single
emergency plan that proVldes "umbrella coverage" for a locality can ensure mcreased
effiCiency and effecttveness of a planning effort by reducmg duphcatton of common
actlVlttes.


FEMA, in conJunctton with DOT and the EPA, has also pubhshed a Wlde vanety of
emergency planning guidance documents relating to emergencies mvolving nuclear power
plants, the transportation of radioactive matenals, and natural disasters A sample of
planning aids that address hazardous materials mclude:


• Hazardous Materials Contingency Planning Course (student manuals)


• Disaster Planning Guidelines for Fire Chiefs


• Disaster Operations: A Handbookfor Local Governments


• Objectives for LocalEmergency Management


Pubhcattons of the Federal Emergency Management Agency relattng to a Wlde vanety
of threats to pubhc health and safety can be obtamed by wnttng:
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Federal Emergency Management Agency
Pubhcations Office
500 C Street, S.W~
Washmgton, DC. 20472


Publications ofthe U.S. Department ofTransportation


The U.S Department of TransportatIOn (DOT) has sponsored a large number of
research stuches and demonstratton projects related to planmng for transportatton emergen
cies involving hazardous matenals over the years AppendIx E of NRT-1 contalns a faIrly
comprehensive hst of resulttng reports A representattve sample of current and past aVaIlable
tttles Includes:


• Community Teamwork: Working Together to Promote Hazardous Mate
rials Transportation Safety -- A Guide for Local Officials


• A Community Model for Handling Hazardous Materials Transportation
Emergencies


• RiskAssessment Users Manualfor Small Communities and Rural Areas


• Manual for Small Towns and Rural Areas to Develop a Hazardous
Materials Emergency Plan; With an Example Application of the Method
ology in Developing a Generalized Emergency Plan for Riley County,
Kansas


• Community Model for Handling Hazardous Material Transportation
Emergencies: Executive Summaries


• Hazardous Materials Demonstration Project Report: Puget Sound Region


• Hazardous Materials Hazard Analysis: Portland, Oregon


• Hazardous Materials Management System: A Guide for Local Emergen
cyManagers


• Lessons Learned: A Report on the Lessons Learned from State and
Local Experiences in Accident Prevention and Response Planning for
Hazardous Materials Transportation


The Communzty Teamwork document may be obtaIned by wntmg to'
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Office of Hazardous Matenals Transportatton
Attentton: DHM-50
Research and Speclal Programs Adtmmstratton
Department of Transportatton
400 7th Street, S.W
Washmgton, D C 20590


Informatton on the avmlabulty of the Hazardous Matenals Management System GUlde
and other documents developed for the Portland, Oregon area can be obtmned by wnttng.


Multtnomah County Emergency Management
12240 N E Ghzan
Portland, Oregon 97230


Most of the other pubhcattons and documents of a slm1lar nature are aval1able from the
Nattonal Techmcal Informatton Servlce, 5285 Port Royal Road, Spnngfield, Vrrgmm 22161
(telephone 703-487-4650).


Publications ofthe U.S. Environmental Protection Agency


The EPA has pubhshed a senes of documents to asslst emergency plannmg personnel
Avmlable tttles mclude


• Introduction to Exercises in Chemical Emergency Preparedness Pro
grams


• A Guide to Planning and Conducting Table-Top Exercises


• A Guide to Planning and Conducting Field Simulation Exercises


• Report of a Conference on Risk Communication and Environmental
Management


• Identifying Environmental Computer Systems for Planning Purposes


• Chemicals in Your Community


These documents may be obtmned by wnttng


Envrronmental Protectton Agency
OS-120
401 M Street, S W.
Washmgton, DC 20460
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Publications ofthe Chemical Manufacturers Associiltion


Even before SARA requIred the assignment of mdiVldual faclhty emergency coordina
tors to Local Emergency Plannmg COmmittees (LEPC's), the Chemical Manufacturers
Association (CMA) estabhshed a Commumty Awareness and Emergency Response (CAER)
program to encourage local chemical plant managers to take the lmttattve m cooperattng With
local commumties m the development of mtegrated emergency plans for response to
hazardous matenal mCldents. The NRT guidance document Cited above notes that knowl
edgeable chemical mdustry representattves can be especially helpful dunng the plannmg
process and advises community planners to seek out local CMNCAER program partlClpants
More speclfically, the document pomts out that many chemical plant offiCials are both
willing and able to share equipment and personnel dunng emergency response operattons


The CMA pubhshes three documents that could prove considerably useful dunng the
overall planmng process, mcludmg.


• Community Awareness andEmergency Response Program Handbook


• Site Emergency Response Planning


• Community Emergency Response Exercise Program


These publications are aval1able at nommal cost from the CMA Infonnatton on
specific items can be obtamed by callmg (202) 887-1100 or wnnng.


Pubhcattons Fulfillment
Chemical Manufacturers Associatton
2501 M Street, N.W.
Washmgton, D.C. 20037


Publications ofthe AIChE Centerlor Chemical Process Safety


Estabhshed under the auspices of the Amencan Institute of Chemical Engmeers
(AIChE), this being the pnmary professlOnal society of chemical engineers m the Umted
States, the Center for Chemical Process Safety has undertaken an amblttous program to
promote and ensure safety at chemical plants. Inlttal efforts have mvolved the development
and pubhcatton of a senes of safety guidelme documents. The first four tttles below are
complete and currently aval1able to the pubhc. The latter tttles are expected to be pubhshed
durmg 1989 or shortly thereafter.
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• Guidelines for Hazard Evaluation Procedures


• Guidelines for Safe Storage and Handling of High Toxic Hazard
Materials


• Guidelines for Use ofVapor Cloud Dispersion Models


• Guidelines for Vapor Release Mitigation


• Guidelines for Chemical Process Quantitative Risk Assessment


• Guidelinesfor Technical Management ofChemical Process Safety


• Guidelines for Obtaining Process Equipment Reliability Data


• Guidelines for Human Reliability in Process Safety


• Guidelines for Process Control Safety


• Guidelines for Processing and Handling Reactive Chemicals


Informatton on these and other AIChE pubhcattons IS aval1able from'


AIChE Pubhcatlon Sales Department
345 East 47 Street
New York, NY 10017


Other Pertinent Publications


BeSIdes the above farrly recent and generallzed plannmg guIdes pubhshed by the
federal government or mdustry trade assOClattons, there are several other sources of general
Informatton and data avmlable that may be helpful dunng the overall emergency plannmg
process. Selected pubhcattons are hsted and descnbed m Chapter 14. Pubhcattons devoted
to speCIfic tOpICS of pOSSIble mterest to readers are referenced at appropnate locattons
throughout the chapters and appendIces that follow.
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2.0 KEY PROPERTIES OF CHEMICAL SUBSTANCES


SOLID


2.1 STATES OF MATTER


LIQUID GAS


Most matenals can eXIst rn more than one phYS1Cal state, a common example being
orchnary water. It 1S well known that hqUld water will freeze and become a sohd at 32
degrees FahrenheIt (oF) at normal atmosphenc pressure The temperature of 32°F IS known
as the freezmg pornt for thls substance Altemanvely, thls temperature can be referred to as
1tS melnng pornt For water, both the freeZlng pornt and melnng pornt are exactly the same
and well-defrned ThIs 1S true for most other substances, but there are excepnons to th1S
general rule


At 212°F, hqUld water begms to boll at normal atmosphenc pressure as 1t begms a
trans1non or phase change from a hqUld state to a vapor or gas. The speclfic temperature at
whlch a hqUld bolls under a given set of envrronmental conchnons IS known as 1tS bollrng
pornt temperature or boiling point for short If the bollrng takes place at normal atmosphenc
pressure, the more appropnate and accurate phrase to use 1S normal boiling point or bollrng
pornt at one atmosphere. The lIDportance of qual1fyrng the term bollrng pornt Wlth the words
"normal" and "one atmosphere" will be chscussed a b1t later For now, 1t 1S slmply adequate
to note that a great many matenals rn the envrronment have therr own umque freeZlng/melt
rng and normal bollrng points which can be rachcally chfferent than those of water For
example, the petroleum product known as butane, the flammable substance rn most
chsposable hghters, has a normal boiling pornt of 31°F and wlll boll and rap1dly vaponze 1f
spllied as a liqu1d on a block of 1ce haVlng a temperature of 32°F A temperature of -216°F







would be required to sohdtfy or freeze the butane to a sohd, yet even thIS very low
temperature would be msufficlent to prevent boiling of such substances as hqUld hydrogen,
helium, nitrogen, and several others.


Not all substances, mCldentally, can eXlst m all three states of matter m the natural
environment. Some sohds undergo a plOcess called sublimation upon heatIng whereby the
solid state drrectly transforms to a gaseous state Wlthout first becommg a hqUld A good
example is solid carbon dioxide, also known as "dry Ice " Carbon dIOXIde can only become a
hquid in confinement under SpecIal condltIons of storage.


2.2 DEFINITIONS OF TEMPERATURE AND HEAT


The dISCUSSIOn so far has demonstrated that the temperature of a substance can
mfluence ItS form and propemes. There IS a great deal more to be saId on the subject,
however, so there IS value m formal defimtIon of Important terms before proceedIng We
start with the concept of temperature and the flow of heat and energy from one body to
another.


The dIctIonary dermes the temperature of a substance as ItS "degree oj hotness or
coldness measured on a defimte scale" The key word here IS scale. In the Umted States, the
scale Wlth wmch we are most famlhar IS the FahrenheIt scale, and most of us are aware that
most of the world uses the CelslUs or CentIgrade scale, thIS bemg a part of the metnc system
Both of these temperature measurement systems are conSIdered relative scales because key
numbers are essentially the freezmg pomt and bol1mg pomt of water at normal atmosphenc
pressure. These numbers are 32°F and 212°F respectIvely on the FahrenheIt scale and O°C
and 100°C on the CelslUs scale In order to convert from one scale to another, one of two
common equations IS used, these bemg:


degrees F =- (1.8 x degrees C) + 32


degrees C = (degrees F • 32)/1.8


It IS also useful to know that a one degree change on the CelslUs scale IS equal to a 1 8°
change on the FahrenheIt scale. Thus, a temperature nse of 18° on the FahrenheIt scale IS
equivalent to a rise of 10° on the CelslUs scale


Besides these two scales, there are two others that are commonly used m the SCIentIfic
community and which are defined as absolute scales m the sense that zero degrees refers to
an absolute lack of heat m the object bemg measured Absolute zero IS about 460° below
zero on the Fahrenheit scale and about 273° below zero on the CelslUs scale


2-2







One of these absolute scales is known as the Rankme scale and is related to the
Fahrenheit scale such that a temperature in degrees Rankme equals the temperature in
degrees F plus 460. Thus, l()()OF equals 56OoR, where the R denotes use of the Rankme
scale.


The second absolute scale is the KelVin scale and is in very common use by today's
engmeers and SCientists on a worldWide baSiS It is related to the CelsiUs scale such that a
temperature in degrees Kelvin equals the temperature expressed in degrees CelsiUs plus
273.15. Thus, 100°C equals 373.15°K, where the K denotes use of the KelVin scale


As noted before, all temperature scales are used to measure and represent the degree of
hotness or coldness of a substance. In actuality, however, thiS is a somewhat misleadmg
statement, because heat can be technically defined as "energy whose mterchange between a
system and its surroundmgs takes place only by vIrtue of a temperature dIfference" Thus,
heat is a form of energy that increases the temperature of substances and which can flow
from a warm body to one which is cooler Whenever a cold body is placed in a warm
environment, there will be a temperature difference, and heat will flow from the warmer
enVironment to the colder body. Alternatively, if the body is warmer than itS surroundings, it
Will lose heat Thus, when a cold liqUid is spilled into a warm enVironment, it will
experience a heat gain. Depending on the temperatures involved, this temperature may be
suffiCient to cause the liqUid to boil (remember the boiling butane on the block of ice?)
Alternatively, if the liqUid was hot to begin with, it may lose suffiCient heat to solidify or
freeze The importance of these concepts will become apparent as the diSCUSSiOn turns to the
tOpiC of how a chemical may behave when released into varying environmental conditions


2.3 DEFINITION OF PRESSURE


The next concept to be discussed is that of pressure, which can be defined as the
amount of force brought to bear on some Unit area of an object. When we press our thumb
down on a table, we are applYing force on the table. The harder we press, the greater the
force, and the greater the pressure we apply to the table surface.


As we Sit here, the arr in the sky above us presses down on our bodies and all objects
around us With the pressure of approximately 14.7 pounds per square inch of surface area,
commonly abbreviated as 147 pSi. ThiS pressure, essentially the average arr pressure at sea
level, is also known as one standard atmosphere. When one speaks of a pressure of two
atmospheres as might be found in a tank, pipehne, or other contmner of a hazardous matenal,
it generally means that 294 pSi is present, or two times 147 pSi
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The word generally IS emphasIzed because pressure also has absolute and relatIve
scales of measurement The 147 pSI of atmosphenc pressure at sea level IS an absolute
measurement and IS more properly presented m UnIts of pounds per square mch - absolutet or
psia for short. Zero pSIa in thIS case refers to a complete absence of pressure such as one
mIght fmd m the perfect vacuum of outer space The most common relatIve scale of
measurement, thts bemg one only used m the UnIted States for the most partt presents
numerical values m terms of gauge pressuret where a readtng of zero matches an absolute
pressure of one standard atmosphere. In thts systemt an absolute pressure of 15.7 pSIa would
be expressed as 1 0 pound per square mch - gauge, or 1 0 psig for short Two atmospheres of
absolute pressure would be eqUIvalent to one atmosphere gauge pressure


There are several other systems of pressure measurement that are of an absolute nature
The most common mclude:


• M.tlhmeters of mercury (mm Hg) - m WhICh 760 mm Hg are eqUIvalent to
one standard atmosphere


• Newtons per square meter (N/m2) - m WhICh 101t 325 N/m2 are equal to one
standard atmosphere


• Pascals (pa) - whtch are another name for N/m2
t such that 101t325 Pa are


equal to one standard atmosphere.


• Bars - m whtch 1 01325 bars are equal to one standard atmosphere


• Inches of water (m ~O) - m WhICh 407 6 m ~O are equal to one standard
atmosphere


• Inches of mercury (m Hg) - m whtch 299m Hg are equal to one standard
atmosphere


The latter two sets of UnIts are not m as common use m the SCIentIfic community as the
first four but It IS well to know of theIr eXIstence Those of you who pay attentIon to weather
forecasts will recognIze that meteorolOgIsts have tradttIonally reported current atmosphenc
pressures in UnIts of mches of mercury


2.4 VAPOR PRESSURES OF LIQUIDS AND SOUDS


LIqUIds have a tendency to evaporate even at temperatures well below theIr boIlmg
points. The reason for thIS stems from the observatIon that molecules of a hqUId (these bemg
the smallest parts of the lIqUId whtch retaIn the IdentIty of the substance at the atOmIC level)
have a tendency to break away from the surface of a lIqUId and enter the vapor state The


2-4







speed of thts process, m the absence of wmd effects, IS a funcuon of temperature such that a
warm hqUld wlll evaporate more quickly than the same hquid at a cooler temperature Note,
however, that wfferent hquids at the same temperature wIll evaporate at wfferent rates
dependIng on therr pamcular propemes


One pnmary measure of a hqUld's tendency to vaponze IS known as its vaporpressure,
thts bemg the pressure exerted by ItS vapors on the walls of a contamer whIch IS pamally full
of the hqUld and free of any other vapor or gas. Ihgher temperatures cause mcreases in the
vapor pressure Lower temperatures cause a decrease, and there IS a drrect relationshIp
between the temperature of any given substance and ItS vapor pressure Table 2 1 prOVIdes a
hst of vapor pressures for vanety of common substances showmg how they wffer with
respect to temperature Note that the pressures are expressed m umts of mllhmeters of
mercury (mm Hg), thIS bemg the most common set of umts used for thIS purpose m the
Umted States, particularly for substances at temperatures below therr normal bollmg pomts
Note also that there are wide vanauons in the temperatures aSSOCIated WIth speCIfic vapor
pressures and that even rron wlll have a measurable vapor pressures If heated to very hIgh
temperatures.


The substances hsted m Table 2.1, and all others, exert their speCIfic vapor pressures
whether or not they are enclosed m a sealed contamer When 1n a contamer, they reach a
state of equilibrium such that some molecules go from the hquid state to the vapor state
wlnle others pass back from the vapor to the hqUld at the same rate, and no matena11s lost to
the outside envrronment. When in the open, molecules entenng the vapor state mIX WIth air
and move further and further away from the hqUld surface with time. As they are replaced
above the surface With new molecules evaporating from the hqUld, the volume of hqUld IS
depleted. Eventually, all the hqUld evaporates (be It m mInutes, hours, days, or years) and
the surface becomes dry.


FIgure 2 1 illustrates these vanous phenomena. In the top wagram, we observe
molecules evaporatlng from a pool of hqUld and entenng the atmosphere Note that any type
of wmd or breeze blowmg across the surface of the hqUld would help the mwvldual
molecules m escapmg and movmg away from the hqUld and thereby mcrease the overall rate
of evaporauon. ThIs rate IS mdeed a pamal funcuon of arr velOCIty over the surface such that
hIgher veloclues usually produce hIgher evaporauon rates


In the mIddle wagram of FIgure 2.1, the hqUld IS confined wlthm a contamer and the
escapmg vapor molecules are trapped Eventually, as illustrated m the bottom wagram, a
state of eqUlhbnum IS attamed.
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TABLE 2.1
VAPOR PRESSURES AS A FUNCTION OF TEMPERATURE


Vapor Pressure (mm Hg)


1 10 40 100 400 760


Chelnical Temperature (OF)


Benzene -382 11.3 45.7 79.0 1411 176.2


Butane -1507 -1080 -74.4 -47.6 27 31.1


Ethyl alcohol -24.3 279 662 948 1463 173.1


Ethylene glycol 127.4 1978 248.0 2872 3533 3871


Iron 3249 3702 4035 4280 4721 4955


Methyl alcohol -47.2 28 41.0 702 1218 1485


Propane -2000 -163.3 -1343 -1113 -681 -43.8


Water -18* 523 93.3 122.3 1765 2120


*Approxnnate







FIGURE 2.1
EVAPORATION AND VAPOR-LIQUID EQUILmRIUM PHENOMENA
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It should be reahzed that there IS a dIrect relationship between the vapor pressure of an
evaporating substance and the maX.1mum concentration that Its vapor or gas may achieve
when nnxed WIth alI m the open envrronment This IS true because higher vapor pressures
above the surface of a substance requrre that more molecules of the substance be phySically
present. Thus, If the vapor pressure of the substance IS known, one can compute the
approX.lmate maxtmum alIbome contammant (I e, chemIcal) concentratlon It may attatn.
Such concentratlons are most commonly expressed m umts of percent m alI by volume, parts
per mtlhon parts of alI (ppm) by volume, parts per btlhon parts of alI (ppb) by volume, or
milligrams of chemIcal per cubiC meter (mg/m3) of alI. The equatlons needed for these
computations are'


fJI • vapor pressure (mm Hg) 100
-/0 concentration = 760 x


vapor pressure (mm Hg)
ppm concentration = 760 x 1,000,000


ppb concentratlon = concentratlon m ppmxl000


mg (ppm concentratlon) x (molecular weight)
m3 concentration = 008205 x (273 15 +0 C)


A restrictlon to remember m usmg these equatlons IS that the concentratlon of a gas or
vapor cannot under any CIrcumstances exceed 100% by volume or ItS equivalent of 1,000,000
ppm regardless of the answer obtaIned An example should help the understandmg of these
relationshIps.


From Table 2.1, we f'md that benzene has a vapor pressure of 100 mm Hg at a
temperature of 790°F. From earher mscusslOn, we also know that 79.0°F IS equal to 261°C
Therefore:


. loox 100
% concentration = 760 13 16% by volume


. 100 x 1,000,000 3 600 b Ippm concentration = 760 1 1, ppm y vo ume


Computatlon of the eqUIvalent concentratlon m mg/m3 requIres not only knowledge of
the temperature m degrees CelsIUS but of the molecular weight (m w ) of the matenal, thiS
being an atOmIC measure of the weight of the substance. This weight IS often (but not
always) hsted in matenal safety data sheets (MSDS) and product bulletms that present data
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on the phYSICal and chemical propemes of chenncals Section 2.8 of this chapter demon
strates how to compute the molecular weight of a substance given knowledge of ItS chenncal
formula The molecular weIght of benzene IS 78.1, so


mg (131,600)(78.1) 3


m 3 concentration =(008205)(273.15+261) 418,600mglm


2.5 BOILING POINTS AS A FUNCTION OF PRESSURE


It was reported earher that a pressure of 760 mm Hg IS equal to 147 pSIa or one
standard atmosphere Prom Table 2 1 we see that water has a vapor pressure of 760 mm Hg
at a temperature of 212°P, a temperature we recognIze as ItS normal bollmg pomt. What IS
SIgnIficant about thIS observation IS that It holds true for all hqUlds Any hqUld wlll begm to
boll at the temperature at whIch ItS vapor pressure equals the pressure bemg exerted by the
envrronment onto the surface of the hqUld In praCtlcal terms, thIS means that:


• Bollmg pomts of materials are a function of pressure.


• LIquids m sealed contaIners (with an exception discussed below) wlll
remain as liqUlds when heated above their normal bollmg pomts although
therr vapor pressures may far exceed one standard atmosphere pressure
withm the container.


• If heatIng continues and the pressure IS not adequately reheved by a safety
deVIce (such as a pressure rehefvalve), the pressure and temperature withm
the tank: may eventually nse to the pomt that some part or all of the
contamer may burst or rupture, possIbly m a Vlolent fashIon ThIS may also
occur if the capaclty of the safety device IS madequate to prevent an
exceSSIve buildup of pressure


• Matenals exposed to enVIronmental pressures below one standard atmo
sphere wdl boll at temperatures below therr normal bollmg pomts. Thus,
water wlll boll at a temperature below 212°P when heated on top of a hIgh
mountain. Water released mto a vacuum at any temperature WIll almost
instantly vaponze.


It IS well to realIze that many substances With normal bollmg pomts far below normal
ambIent temperatures are shIpped or stored m commerce as hqUlds ThIS IS most often
achIeved by placmg the hqUId withm a strong tank: and pernnttIng It to remain m the hqUld
state under ItS own vapor pressure at eqUlhbnum conditions Examples of the most common
of these matenals conSIdered hazardous mclude hqUld anhydrous ammOnia, ethylene,
chlonne, ethylene OXIde, vmyl chlonde, and hquefied petroleum gas (LPG) or propane Such
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substances, frequently referred to as compressed liquefied gases, are parttcularly hazardous
because: 1) leaks may result in rapId ventmg of gas to the atmosphere; 2) leaks may result
m discharge of hqUlds that rapidly flash vaponze and/or boll upon eXItIng theIr contaIners;
and 3) the flammable, toXIC, or otherwIse hazardous gases and vapors evolved may travel
consIderable distances downwmd before becommg diluted With arr below hazardous
concentratIons.


Less frequent m transportatIon but more common at storage and processing sites are
bulk quantItIes of substances such as chlonne, anhydrous ammoma, or hquefied natural gas
(LNG) wmch have been hquefied by coohng to low temperatures VIa the use of refngeratIon
systems. Although the vapor pressure of gases hquefied by refngeratIon may be close to
ambient pressures Wlthm storage vessels, spllis mto the warmer external enVIronment w1l1
again result in bollmg and the evolutIon of large quantItIes of potentially hazardous gases and
vapors


The exceptIon to the "rule" that hqUlds m sealed containers w1l1 remaIn as hquids when
heated above theIr normal boiling pomts mvolves the fact that thIS IS true only so long as the
temperature of the hqUld is below what is referred to as Its critical temperature The cntIcal
temperature of a substance is the temperature above whIch It cannot remain m the liquid state
regardless of any increase m pressure. Thus, substances heated above their cntIcal tempera
tures are neIther hqUld nor gaseous, but rather, in a state somewhere m between. Plcture
them as very thIck vapors.


2.6 DEFINITIONS OF SPECIFIC GRAVITY AND DENSITY


BOllmg points, vapor pressures, and melttng or freeZing pomts can tell us much about
how a matenal W1ll lnltIally behave when released mto the envIronment, but more
information IS needed to better defme actIons and behaVIor This sectIon mscusses relatIve
and absolute measures of the weIghts of matenals, whlle the next mscusses the degree to
which one substance can mIX WIth another


Every sohd or hqUld m the enVIronment occupIes a speclfic volume of space and has a
certam weIght Thus, we may express the weIght denSIty of a substance as Its weIght mVlded
by its volume. It IS well known, for example, that pure water weIghs about 62 4 pounds per
cubic foot (lb/ft3) of volume, whIch IS eqUlvalent to 1 0 gram per CUbIC centImeter (g/cm3) or
1,000 kilograms per CUbIC meter (kg/m3) m the metnc system We also have observed that
different substances have mfferent weIghts for the same volume. One CUbIC foot of 011
weighs about 50 pounds. A CUbIC foot of steel weIghs about 487 pounds
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An alternatIve method of expressmg the weight density of a solid or hqUld mvolves use
of a quantIty known as the hqUld or solid specific gravity QUite simply, thiS quantIty IS
determmed by dIvldmg the density of a substance by the density of water. Smce 62 4 dIVided
by 62 4 has a value of 1.0, water has a speclfic gravity of 1 0 and serves as the reference
pomt for all matenals. The hqUld specific graVlty of a typiCal oll IS 50 dIVlded by 62.4,
givmg a value of 0 80 The sohd speclfic graVlty of steel IS 487 dIVlded by 62 4 and equals
780


As IS the case Wlth vapor pressures, both the denSity and specific graVlty of sohds and
liqUlds vary With temperature. Heat causes most (but not all) matenals to expand m volume
whlle cold causes them to shrink. Smce the volume changes whlle the weight remains the
same, the density of a substance generally decreases Wlth heatIng and mcreases With coohng.
TIns explams why most sources of mformatIon on the denSity of chemlcals Will provide the
temperature at which the value was measured In the case of specific graVlties, they may hst
both the temperatures of the water and chemlcal substance used to detefmlne the speCific
graVity.


Knowledge of hqUld or sohd speclfic graVltIes IS most lmportant when It IS desrred to
detefmlne how a substance will behave m the presence of water. For example, the fact that
the speclfic gravity of a typiCal oll is 0 80 supports the observatIon that most olls are lighter
than water and have an lDltIal tendency to float The fact that steel's speclfic gravity IS about
7.80 explains why a block of steel wlllllnmedIately smk m water.


DISCUSSion of vapor or gas specific graVItIes and denSIties IS more comphcated because
these propertIes are affected by changes m pressure as well as temperature. However, smce
we are pnmanly mterested m chemlcal substances that escape mto the natural envrronment,
smce the natural environment has a nommal atmosphenc pressure of one atmosphere, and
since any gas or vapor entenng the atmosphere will qUickly adjust Its volume to achIeve a
total pressure of one atmosphere, It IS suffiCient for the purposes of thIs text to only conSider
speclfic gravItIes and denSItIes of gases or vapors at atmosphenc pressure.


The dISCUSSIOn begms With the observatIon that arr has a denSity of 0 0763lb/ft3 (about
1.22 kg/m3) at a temperature of 60°F and a pressure of one atmosphere As m the case of
other substances, higher temperatures cause a decrease m denSity and lower temperatures
cause an mcrease. Sunl1arly, there IS a quantIty known as the vapor specific gravity or vapor
density which IS a ratIo of the denSity of a pure gas or vapor to the denSity of air. Found m
many data sources, thIs speclfic gravity or denSity (the former term bemg used rather
mterchangeably Wlth the latter) IS based on the assumptIon that arr has a value of 1 o. Thus,
vapors or gases With vapor speclfic graVltIes less that 1 0 are presumably hghter than arr m
the natural envrronment while those Wlth values greater than 1.0 are presumably heavier.
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The word presumably IS emphasized because the values for vapor specific gravIties
found in all too many data sources are frequently mIsInterpreted by therr users, particularly
and speclfically In the case of substances below a temperature that permIts them to eXist as a
pure vapor or gas at a pressure of one atmosphere. This can lead to Incorrect conclusIOns
about the actions of a vapor or gas upon ItS release to the envrronment.


The problem has arlsen because many sources compute the vapor denSity of any
substance by a shortcut method Involvmg mVlslOn of the molecular weight of the substance
by the molecular weight of arr, the latter beIng approximately 28 9 (as the weighted average
for the mixture of gases that compose arr) Thus, SInce benzene has a molecular weight of
78.1, these sources will report a vapor speCific gravity or denSity value of approximately
2.70, whlch to many people suggests that the vapors of benzene zn the natural envzronment
are always 2.70 tImes heaVier than arr, whlch IS an absolutely untrue assumption The
misinterpretation results In the behef that benzene vapors Will always hug the ground over
considerable mstances as they spread from the site of a release and may somehow
accumulate and persist In pitS, hollows, basements, or other low lyIng areas


It was earher explaIned that benzene has a vapor pressure of 100 rom Hg at a
temperature of 790°F and that thiS vapor pressure translates Into a maXImum vapor
concentration drrectly over the hqUld surface of approximately 13 16% by volume It
follows that benzene cannot eXIst as a pure vapor at thiS temperature In the natural
environment and that It is Incorrect to assume that It IS a pure vapor when estImating ItS
vapor density relative to arr (whlch IS what IS beIng done when a molecular weight ratio IS
computed). Rather, It IS necessary to compare the benzene-arr mzx.ture denSity With the
density of pure air to determIne whether the vapors generated by the release Will be heaVier
or hghter than arr. ThiS IS accomphshed In an approximate fashIOn via the followmg
procedure:


Step l' Compute the apprOXImate denSity pv of pure chemIcal vapor In Ib/ft3 at
temperature T (In OF).


1 3691 x molecular weight
pv= (T+460)


Step 2: Compute the approximate denSity pa of arr In Ib/ft3 at ambient
temperature T (In OF).


39.566
pa= (T +460)


Step 3: Compute the relative vapor denSity of the chemIcal-arr mIxture
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Relatlve vapor density =..:;.{C_x,.:.p_v....::.}_+.....:{;.:,.(l_00_-_C......:};,....x.....:p_a-.:.}
100xpa


Where C = saturated concentratlon of the chenucal vapor m arr m percent
by volume.


Benzene has a molecular weight of 78.1 and a maximum vapor concentratlOn (more
preCisely referred to as ItS saturated vapor concentratlon) of 13 16% in air at 79°F. Use of
these values m the above equatlon, together With the assumptlon of an arr temperature of
79°F, provides a true relatlve vapor density value of 1.22 What this means IS that the
benzene-alI nuxture directly above a pool of benzene at the speclfied temperature is only
1 22 tlmes heavier than arr and not the 2.7 tlmes suggested by the vapor density frequently
reported m the hterature for thIs substance Smce thIs nuxture will very qUlckly nux With
addltlonal arr as It dnfts away from the pool, It will rapidly approach the denSity of pure arr
and behave as If there were httle or no dIfference m ItS density. In SClentlfic terms, It will
behave as a neutrally buoyant vapor-arr mlXture.


If the relatlve vapor denSity of a substance under prevailmg dlscharge conditlons
exceeds 1.5 (as a general rule of thumb), then vapors or gases may mdeed behave as
heavler-than-arr (or negatively buoyant) nnxtures for some dlstance from the source of
discharge. Conversely, a relatlve vapor denSity slgmficantly less than one suggests that a
vapor-air mixture may be hghter than arr (or positively buoyant).


In deternnnmg or deciding whether any parncular gas or vapor wdl be negatlvely,
neutrally, or posltlvely buoyant m arr, It IS also often necessary to conSider the ClIcumstances
under wmch the substance may be released to the atmosphere For example, m situations m
which a compressed hquefied gas IS dlscharged from a contamer, parncularly when m the
hqUld state, the resulnng vapor cloud or plume may include a considerable amount of fme
hqUld droplets. Although the gas or vapor mixture With arr may normally be posltlvely or
neutrally buoyant, the presence of these relatlvely heavy droplets (also referred to as
aerosols) may cause the cloud or plume to behave lnltlally m a negatlvely buoyant fasmon.


2.7 SOLUBILITY IN WATER


All of us have observed that sugar and salt dlssolve m water and seem to dlsappear, that
our favonte alcohohc beverage can be nnxed freely Wlth water-based nnxers, and that the
''fizz'' m containers of soda pop, tomc, or beer IS due to carbon dloXlde gas that has been
dlssolved in the liqUld In each case, the sohd, hqUld, or gas that has dlssolved m water IS
Said to be soluble m water.
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An important concept to understand IS that dIfferent matenals have dIfferent degrees of
solubility. At one extreme, there are hqulds whIch are soluble in all proportions WIth water
and which are also satd to be miscible TIns means that any amount of the substance can be
added to water and at no point m the process W1l1 the substance form a separate layer or
phase. At the other extreme, there are substances whIch do not dIssolve m water whatsoever
and which are considered to be insoluble or immiscible. A somewhat extreme example of
the latter case involves stone pebbles m a glass of water. No matter how hard the pebbles are
shaken or sttrred, they will not dIssolve or form a solution WIth water, this bemg the term
used for a mixture of two liqwd substances whIch are mutually soluble.


In between the above extremes are substances whIch are partially soluble m water. For
example, there is only a certam amount of ordmary table salt that can be dIssolved m water
before any new salt added to the solunon stmply smks to the bottom and IS unable to
dissolve. In the case of table salt, 35.7 grams of salt WIll dIssolve in 100 grams of water at a
temperature of 32°F and this will nse to about 39.8 grams (there are about 454 grams m a
pound) at a temperature near 212°F. And yes, that means that solubihty IS also a functlon of
temperature. Generally speakmg, hot liquIds can dIssolve more of a pamally soluble hquid
or solid than cold liquIds. Alternatively, because of effects mvolving vapor pressures and
their increase with temperature, cold liquIds can generally dIssolve more gases and vapors
than hot liquids. Increases in pressure may also mcrease the solubility of gases m liqUIds.


2.8 MOLECULAR WEIGHTS OF CHEMICAL SUBSTANCES


There are approxtmately 89 natural elements m the world that in vanous combinations
make up all matter that surrounds us. In addItion, a number of man-made elements have
been produced under laboratory condItions involving nuclear reactlons and many more have
been theorized but never observed. The atoms of all elements have been assIgned mdividual
atomic weights relative to oxygen by scientists. These are hsted m Table 2.2 for most
common elements hkely to be encountered m normal commerce and use.


Combinations of VarIOUS atoms called molecules make up the smallest part of any
chemical compound that retams the spectfic properties of the substance and have speCIfic
molecular weights that can be computed from the number of atoms of each element present
in the compound, as determmed by examination of the chemical formula of the substance.
Such formulae are always found in matenal safety data sheets for pure substances and many
other sources of chemtcal data. Examples mclude.


•
•
•


HzO
CO2


NaCI


for water
for carbon dIOXIde
for sodIum chlonde
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TABLE 2.2
ATOMIC WEIGHTS OF SOME COMMON ELEMENTS


Table gives chemical symbol, name, and atomic weight ofeach element.


Ag Silver 10787 Cu Copper 6354 P Phosphorus 3097


AI Alummum 2698 F Fluonne 1900 Pb Lead 207.19


As Arsemc 7492 Fe Iron 5585 Rb RubIdIUm 85.47


B Boron 10 81 Ga Gallium 6972 S Sulfur 3206


Ba Banum 13734 H Hydrogen 100 Sb Antimony 12175


Be Berylhum 901 Hg Mercury 20059 Se Selemum 78.96


Bl Blsmuch 208.98 I Iodme 12690 Sl SilIcon 28.09


Br BroIDlne 7991 Ll Lltluum 694 Sn Tm 11869


C Carbon 1201 K PotassIum 3910 Sr Strontium 87.62


Ca CalcIUm 4008 Mg MagnesIum 24.31 Ta Tantalum 18095


Cd Cadmtum 11240 Mn Manganese 5494 Tl TItanIum 47.90


Ce Cenum 14012 Mo Molybdenum 9594 U UranIUm 23803


CI Chlonne 3545 N NItrogen 1401 V VanadIUm 5094


Co Cobalt 5893 Na SodIum 22.99 W Tungsten 183.85


Cr ChroIDlum 5200 Nl NIckel 5871 Zn Zmc 65.37


Cs CeSIUm 13291 0 Oxygen 1600 Zr Zrrcomum 91.22







• KOH for potassium hydroXIde
• ~NHNlIz for methyl hydrazme
• C6Hc, for benzene


As noted earher, knowledge of molecular weIghts IS reqUIred for computatIon of vapor
concentratIons m 3lI m some cases, and mdeed, knowledge of thIs weIght IS mandatory for a
WIde variety of calculatIons mvolvmg hazardous matenals. Smce molecular weIghts are not
always found on materials safety data sheets, however, It IS worthwhIle to understand how
they may be computed using the mfonnatIon provIded in Table 2.2. ThIS IS best accom
phshed by an example.


From the hst above we see that methyl hydrazme has a chemical fonnula of
~'NHNHz (whIch may also be shown as CH6Nz m some references). What thIS means IS
that each molecule of thIs chemIcal consists of:


• One (1) atom of carbon represented by the symbol "C"
• Two (2) atoms of mtrogen represented by the symbol "N", and
• SIX (6) atoms of hydrogen represented by the symbol "H".


From Table 2.2 we fmd that the atomic weIghts of carbon, mtrogen, and hydrogen are
respectively 12.01, 14.01, and 1.00. Thus, we can compute the molecular weIght of thIs
substance by multIplyIng the atOmIC weIght of each of the three elements by the number of
its atoms in the molecule, and then SUmmIng the results For methyl hydrazme, the result IS:


Molecular weIght = (1 x 12.01) + (2 x 14.01) + (6 x 1 00) = 46.03
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3.0 ACTIONS UPON RELEASE TO THE ENVIRONMENT


3.1 PHYSICAL STATE PRIOR TO RELEASE


The frrst step rn detenmmng how a substance wl1l behave upon release to the
enVIronment reqUIres knowledge of the phYSICal state of the matenal Wlthrn ItS storage or
transportation contamer ThIs rn turn requrres knowledge of the relauonship between the
temperature of the matenal, Its bOlhng pornt, and ItS melung pornt The possIbIhues are:


• The temperature of the matenal rn ItS container IS less than ItS meltrng
pornt, rn whIch case the matenalis a sohd rn its container. A good example
would be dry table salt rn a large drum


• The temperature IS greater than the melnng pornt of the matenal but less
than ItS normal bol1rng pornt, rn whIch case the matenalis a hqUld and the
contamer contents are approxImately at normal atmosphenc pressure. An
example IS water rn a tank at temperatures above freezrng. Such liqUIds,
however, could also conSIst of substances WhICh are normally sohds but
whIch have been melted and maIntained at relanvely hIgh temperatures to
keep them hqUld. They could also be substances which are normally gases
in the natural enVIronment but whIch have been hquefied VIa refngerauon.


• The temperature IS greater than the boiling pornt of the material, rn which
case the matenalis a compressed gas (gas under hIgh pressure rn a cyhnder
or other contamer) or a hquefied compressed gas (a substance that IS
normally a gas at normal ambIent conmuons but WhICh has been turned rnto
a hqUld by subJecnng It to and maIntamrng It at hIgh pressures, thus ralsrng
ItS actual boIhng pornt).


Table 3 1 summanzes the vanous possIbl1Iues rn greater detail The table reqUIres a bIt
of study for complete understanmng, but the effort IS extremely worthwhl1e


3.2 MATERIAL STATES DURING AND INITIALLY AFTER RELEASE


Once there IS an understanmng of the state of a hazardous matenal Withm a storage or
transportanon contaIner, It IS next necessary to conSIder how the substance Wlll behave
mztzally when mscharged rnto an envrronment of normal ambIent temperatures and pressures
There are 10 scenanos to conSIder based on the last column of Table 3 1, all of WhICh assume
that the spl1l or mscharge does not take place dunng a fIre or other abnormal event whIch
would change rnternal and/or external temperatures







w
I


N


TABLE 3-1
TYPICAL STATES OF MATERIALS IN STORAGE OR TRANSPORTATION CONTAINERS


Normal Melting or Boiling Points Container Conditions State of Material (Scenario #)


MeltIng point less than ambient T T less than meltIng pomt and less Cold sohd (1)
than ambient T


MeltIng pomt greater than ambient T T near ambient T Sohd near ambient T (2)


Botlmg point greater than ambient T T greater than meltIng pomt, greater Warm or hot hqUld
than ambient T, but less than botlmg (molten sohd) (3)
point


MeltIng point less than ambient T T greater than meltIng pomt but less Cold hqUld (4,5)
than ambient T and bOlhng pomt


Botlmg pomt greater than ambient T T near ambient T LlqUld at ambient T (6)


T greater than ambient T but less Hot hquld (7)
than bOlhng pomt


T greater than bOlhng pomt and Hot or warm compressed gas or vapor over
greater than ambient T hot hqUld (8)


Botlmg pomt less than ambient T T near ambient T Compressed gas or compressed hquefied
gas under pressure at ambient T (9, 10)


Hot or warm compressed gas or com-
T greater than bolhng pomt and pressed hquefied gas under pressure at T
greater than ambient T greater than ambient (9, 10)


Notes: T = temperature Wlthm container; ambient T =temperature outdoors







Scenario #1: Cold orRefrigerated Solids


Some matenals that are normally hqUlds or gases at ordInary temperatures or pressures
are handled as sohds at temperatures below their meltmg pomts and below ambIent
temperatures to make them eaSIer or safer to transport or use. When exposed to a warmer
enVIronment, they will melt to become hquids, or 1f they are substances that pass drrectly
from a sohd to gaseous phase (1 e., substances that "subhme") they will vaponze. For
example, Ice spllled on the ground m summer WIll melt to become hqUld water. Solid carbon
dloXlde (dry Ice) wlll "subhme" as It warms to become carbon diOXIde gas.


Scenario #2: Normally Solid Materials


Materials that are sohds at ordlnary ambient temperatures and which are transported or
otherwIse handled at such temperatures will remain as sohds upon release from their
containers. Dry table salt and sugar are good examples.


Scenario #3: Molten Solids


Some substances WhICh are normally sohds are melted to become hqUlds, since hquids
are sometImes easier to handle. Indeed, for transportanon, a sohd may be melted and poured
into a tank vehIcle of some land where it wlll slowly cool WIth time, and even possibly
resolidify. When it reaches its destmation, it will be pumped out if still a liquid, or fIrSt
remelted (pOSSIbly usmg heanng colIs mSlde the tank) and then pumped out. Such
substances will either be discharged as sohds or as hqUlds that may sohdlfy If exposed to
cooler ambient temperatures dunng an aCCidental splIl or dlscharge sltuanon.


Scenarios #4 and #5: Cold orRefrigeratedLiquids


Liquids that are handled at cold temperatures and/or which are refrigerated may have
normal bollmg points that are either below or above ambient temperatures. The latter
substances WIll Simply warm up when released to the environment (Scenario #4), much as
cold water wlll heat m the sun. Those WIth below ambient boiling points (ScenarIo #5),
WhICh are typically cooled to reduce theIr vapor pressures m eqUlpment or for use in
arr-condlnomng or refrIgeranon systems, wlll warm to their normal bollmg point tempera
tures upon release and begin to boil Due to thermodynamic coolmg effects associated With
hqUld evaporanon or bolling, these hqUlds wlll remain at their normal boilmg pomts. If
spilled onto a surface that IS a good heat msulator, the bolhng may eventually slow down or
stop, but the qUIescent pool that remlUns wlll contInue to rapIdly evaporate ThIs evaporanon
process wlll mamtaIn the remaImng hqUld near ItS bollmg pomt as It pIcks up heat from Its
surroundIngs
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Scenario #6: Nonnally Liquid Materials


Materials that are normally liquIds at ordinary temperatures and pressures and which
are transported or otherwIse handled at such temperatures will remam as liquIds upon release
to the environment. Good examples would be gasohne or fuel otIs pourmg from a hole m a
storage or transportation contamer.


Scenarios#7and#8:HotL~uids


There are many cases where a substance that IS a hqUld at normal ambIent temperatures
and pressure might be heated for one purpose or another. Such liquids, If below therr boiling
point (Scenario #7), will cool upon release to the enVIronment and remaIn as hqUlds.
However, if they were heated above therr boihng pomts (Scenano #8), then any space above
the liquid m a contamer will contam gas or vapor at a pressure m excess of one atmosphere.
What happens m the event of an accident or mCldent m thts latter case WIll depend on what
part of the contamer IS damaged.


• If the container IS punctured or otherwIse damaged m the space above the
liqUId, vapors of the hqUld will blowout (i e , vent) from the resultIng hole
into the atmosphere and will contInue to do so untIl the hquid cools below
Its botlmg pomt For example, pIcture steam blowmg out the stack of an
old-tIme steam locomotIve.


• If the container IS punctured below Its hqUld surface, the hqUld WIll pour
out of the hole whIle some amount of Its "flashes" to vapor upon release.
The part that remams as hqUld will boIl bnefly and then slowly cool to
ambient temperature whIle evaporatIng. As an example, pIcture a leak on
the face of an automobIle radtator WIth steam, a hot water mIst, and hot
water exiting the leak area.


Scenario #9: Compressed LiquefiedGases


Regardless of whether these hqUlds are at ambIent or hIgher temperatures, they WIll
typically be in pressure vessels deSIgned to maIntaIn and WIthstand substantIal pressures As
in the prior case, what happens durmg an accident or mCldent WIll depend on what part of the
container is damaged.


• If the contamer IS punctured or otherwIse damaged m the space above the
liqUld, the gas will tYPICally vent at hIgh velOCIty from the resultIng hole
mto the atmosphere, pOSSIbly creatIng some amount of hqUld droplets
during the process The velOCIty IS hkely to drop WIth tIme as bollmg
WIthin the tank cools the mass of hqUld (the tank surface may actually
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become quite cold and even frost over due to thermodynannc coohng
effects), but such ventIng of gas may contInue for consIderable penods of
time (possIbly until no more lIqUId IS left In the tank)


• If the container is punctured below ItS liqUId surface, the lIqUId may
lIterally Jet from the hole (remember the very hIgh pressure apt to be In the
vapor space over the lIqUId) and potentIally large amounts may flash Into
gas or vapor. Indeed, dependIng on the matenal and the temperatures and
pressures Involved, the tank may blowout a large mass of vapor mIxed
WIth small lIqUId droplets (an aerosol) to the extent that no lIqUId reaches
the surface beneath the tank If lIqUId does reach the surface, It WIll pave a
tendency to form a boIling or rapIdly evaporatIng pool.


Scenario #10: Compressed Gases


Gases whIch are compressed to hIgh pressures in a contaIner or gas cylInder but whIch
have not been lIquefied Will vent from any opening In the contamer at hIgh velOCIty. As the
gas vents, the pressure In the container wll1 drop and the contaIner and ItS contents Will cool
At some point, when the pressure WIthin the tank drops to standard atmosphenc pressure,
ventIng Will cease or drop to a low rate conSIstent WIth the amount of heat that enters the
container from ItS surroundIngs


3.3 DISCHARGES ONTO lAND


Up to thIS pOint, the dIScussIon has essentIally focussed on how the bollIng POint and
meltIng POint of a substance may affect ItS actIons upon release to the enVIronment It IS now
tIme to consider how the denSIty and solubIlIty of the substance Impacts on where It wIll go
once outSIde and how there are dIfferences to be conSIdered between dIscharges on land or
water or Into the aIr. The dIScussIon begins WIth dIscharges onto land and again conSIders
the phYSICal states In whIch spllied substances may reach a land surface


Cold or refrIgerated solIds With meltIng POints below ambIent temperature wll1 eIther
melt to form a lIqUId or sublIme when spllied onto a land surface Substances that are
normally solId wll1 remain In the solId state, whlle molten solIds may flow for a tIme as
lIqUIds and eventually solIdIfy as they cool.


LIqUIds WIth bollIng pOints above ambIent temperatures wll1 remaIn as lIqUIds and wll1
generally cool down or heat up as necessary to approach the temperature of the ambIent
enVIronment Those WIth bollIng POints below ambIent temperatures may boll on a land
surface untIl most of the lIqUId has volatIlIzed (1 e , vaponzed) AlternatIvely, as the ground
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surface cools beneath a bolhng pool that has been confmed by natural or man-made barners,
the boiling may cease and the remammg qUlescent pool may sImply evaporate at a farrly
steady rate


Gases or vapors may contamInate a land surface If they are soluble in water and eIther:
1) it is raining; or 2) water sprays are apphed by spIll response personnel to absorb,
"knockdown" or otherwIse accelerate the dIspersIOn of the gas or vapor in arr. The
contamination occurs because the water droplets pIck up some amounts of the gas or vapor
and then fall to the ground.


Solids of any kind can contammate the land surface, and are particularly of concern 1f
they are soluble m water. In such cases, rain or other sources of water will dIssolve the sohds
and permIt them to soak deeper mto the ground in a process called percolation Eventually,
the dissolved chemicals may reach the water table (If any) below the land's surface and
contaminate groundwater supphes selVlng pubhc, pnvate, or mdustnal water wells Such
contammation may pose a toXiC hazard to the people, animals, and plant lIfe that may be
exposed to the soIl or whIch use the contaminated groundwater for drmkmg, cooking, or crop
irrigation. SImilarly, the dIssolved chemIcals may cause undesired reactIons, contamInation,
or corrosion of eqUlpment upon entry to mdustnal processmg eqUIpment relying on well
water. The situatIon for spilled lIqUIds IS about the same except that It must be reahzed that a
liqUId need not be soluble m water to percolate into soIl or to contaminate groundwater
supplIes. AdditIonally, It must be noted that lIqUlds are more mobile than spIlled solIds and
do not necessanly require ram or other sources of water to aSSIst m the spreadIng of
contamination. The rate at whIch a lIqUld substance percolates or otherwIse penetrates the
ground IS, of course, mfluenced by many factors. PenetratIon can be rapId m areas of
extremely high permeability mcluding lImesmks, caverns, hIghly fractured rocks, or fractures
widened by solutIon.


Other concerns asSOCIated WIth dIscharges of hazardous matenals onto land surfaces
are:


• CombustIble substances may be ignIted and pose a fIre or explosIon hazard
(see Chapters 4 and 5 ).


• Hazardous vapors or gases may be lIberated mto the atmosphere from
substances WIth sIgmficant vapor pressures at prevailmg chemIcal or
ambIent temperatures (see SectIon 3 5 and Chapters 4 and 6).


• SolIds, solids dissolved m or carned by land surface water runoff, or hqUlds
may flow mto drains or sewers leadIng to bodIes of water or may dIrectly
contaminate such bodIes (see SectIon 3.4).
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3.4 DISCHARGES INTO WATER


Discharges of a chemical substance mto a body of water may occur drrecdy from
damaged sh1ps, barges, underwater p1pelmes, or rmlroad cars or trucks that have fallen mto
the water, or mdirecdy, as outflows from sewer or dram outfalls, runoff from spIlls on land,
runoff of water used to control flres, or entry of contammated groundwater mto the water
body. Vrrtually all key phys1cal and chemical properues of hazardous matenals discussed m
thls document play 1mportant roles m determlnmg how a matenal wlll behave when sp1lled
mtowater.


• The bol1mg pomt and vapor pressure of the matenal W1ll determlne whether
some part of the matenal will boll off or otherwlse vaponze upon
contactmg the water.


• The hqUld or sohd spec1flc gravity or density of the matenal will determlne
whether it has an initial tendency to float or smk in water.


• The solub1hty of the matenal will determlne whether 1t w1ll dissolve m the
water and the rate at whlch tillS will occur.


Table 3.2 describes the expected behav10r of spllis mto water of matenals W1th varying
combmatlons of bollmg pomt, vapor pressure, specmc graV1ty, and solub1hty atmbutes To
be stressed 1S that the table descnbes spill behaVlor only m the minutes and hours drrectly
after a release and that longer penods of tlme may result m different effects. For example,
although 1t 1S well apprec1ated that 011 will float on water, fOrmlng a surface shck that may
foul shorelmes, 1t 1S not as well known that waves, water, turbulence, and tlme may
eventually cause a floating petroleum 011 shck to emulsuy (1 e., to become tiny droplets) that
distnbute themselves through the water column (1.e., throughout the depth of the water
body), to dissolve m water to some extent, and to eventually settle on the bottom of the water
body as a sludge. Th1S sludge, m the case of petroleum ol1s, may mlX W1th sand or d1rt and
form the "tar balls" often observed on shorelmes after an offshore spill.


One spec1al pomt to be made about substances often descnbed as znsoluble 1S that
many of these may actually dissolve at such a slow rate m water that they are cons1dered
msoluble ''for all practzcal purposes." G1ven enough tlme or agItatlon, a suffic1ent amount
may actually dissolve to cause a tOXlC hazard to anybody or anythlng exposed to the
contammated water Always be wary ofclaims ofcomplete insolubility when a highly toxic
substance has spilled into water.
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TABLE 3.2
EXPECTED BEHAVIOR OF SPILLS INTO WATER


Boiling Point Vapor Pressure Specific Gravity Solubility Expected Behavior in Water


Below ambient Verylugh Any Insoluble All of the hquid will rapIdly boil from the surface of
the water. Underwater spills will most often result in
the hquid boiling and bubbles nsmg to the surface.


Below ambient Very high Less than Water Low or PartIal Most of the hquid will rapIdly boil off but some
portIon will dtssolve m the water Some of the
dtssolved matenal will evaporate WIth ttme from the
water. Underwater spills WIll result m more dtssolu-
oon m water than surface spIlls.


Below ambIent Very hIgh Any HIgh As much as 50% or more of the hqUId may rapIdly
boll off the water while the rest dtssolves m water
Some of the d1ssolved matenal will evaporate WIth
ome from the water. Underwater spIlls will result m
more dtssoluoon m water than surface spills. Indeed,
httle vapors may escape the surface If the dtscharge
IS suffiCIently deep


Above ambIent Any Less than Water Insoluble The hqUId or sohd will float on water. LIqUIds will
form surface shcks. Substances WIth sIgmficant
vapor pressures will evaporate WIth ttme.


Above ambIent Any Less than Water Low or PartIal The hqUId or sohd will float on water as above but
WIll dtssolve over a penod of ttme. Substances WIth
sIgmficant vapor pressures may SImultaneously
evaporate WIth tIme


Above ambIent Any Less than Water HIgh These matenals will rapIdly dtssolve m water up to
the hmtt (If any) of theIr solubIlIty Some evapora-
tIon of the chemIcal may take place from the water
surface WIth ttme If Its vapor pressure IS slgmficant.







TABLE 3.2 (Continued)
EXPECTED BEHAVIOR OF SPILLS INTO WATER


Boiling Point Vapor Pressure Specific Gravity Solubility Expected Behavior in Water


Above ambIent Any Near Water Insoluble DIfficult to assess Smce they will not dIssolve, and
smce specIfic graVInes are close to water, they may
float on or beneath the surface of the water or
dIsperse as blobs of hqUId or sohd pamcles through-
out the water column. Some evapomnon of the
chemIcal may take place from the water surface with
nme If Its vapor pressure IS SIgnIficant.


Above ambient Any Near Water Low or Partial Although a matenal WIth these propertIes will be-
have at first hke matenals descnbed dIrectly above,
It WIll eventually dIssolve m the water Some evapo-
mU.on of the chenncal may take place from the water
surface WIth ttme If Its vapor pressure IS sIgmficant.


Above ambIent Any Any HIgh These matenals will rapIdly dIssolve m water up to
the hmIt (If any) of theIr solubIhty. Some evapora-
non of the chemIcal may take place from the water
surface WIth nme If Its vapor pressure IS sIgmficant.


Above ambIent Any Greater than Water Insoluble HeaVIer-than-water msoluble substances will smk to
the bottom and stay there. LIqUIds may collect m
deep water pockets.


Above ambIent Any Greater than Water Low or PartIal These matenals will smk to the bottom and then
dIssolve over a penod of nme.


Above ambIent Any Greater than Water HIgh These matenals will rapIdly dissolve m water up to
the hmtt (If any) of theIr solubIhty. Some evapom-
non of the chemIcal may take place from the water
surface WIth nme If Its vapor pressure IS sIgmficant.







A second pomt to be made IS that concentrations of water soluble contannnants m
water are typically measured or expressed m units of parts (of contannnant) per ml1hon parts
(ppm) of water on a weight basis or m umts of mllhgrams (of contannnant) per hter (mg/l) of
water. These units are essentially equivalent such that one ppm equals one mg/l When a
material IS d1ss01ved m water, the mlXture IS often referred to as an aqueous solution of the
matenal. Conversely, materials that do not contam water are conSidered to be anhydrous.


Of interest Wlth respect to the evaporation of chemIcals from water IS that such
evaporation can take place not only from floatIng pools or shcks of chemIcals but from the
surface of solutions. It is important to realize, however, that the vapor pressure of a chemIcal
will drop when the chemIcal IS added to water or water IS added to the chemIcal, and the less
chemical there is in the solution, the lower ItS vapor pressure will be at a speCific
temperature. Thus, evaporation from a concentrated solution (1 e , one contalnmg conSider
able chemical) near a spill site mIght create a downwmd vapor hazard, but the hazard mIght
be negligible some time later after the chemIcal has had a chance to mIX With more water.
Similarly, a water-soluble chemIcal or solution that has a flammable vapor concentratIOn
above its surface at a given temperature may often be rendered nonflammable by the addltlon
of a suffiCient quantity of water.


Besides generatIng flammable or tOXIC vapors, chemIcals sp111ed Into water or sewers
can pose a vanety of hazards to the pubhc and the envrronment.


• Flammable chemIcals or solutions can pose a fire or explOSIOn hazard m
sewers, water treatment facilities, or any other spaces they may enter when
extracted from a body of contammated water.


• Insoluble matenals, pamcularly ous, may cause drowning of waterfowl
because of loss of buoyancy, exposure due to loss of the msulatmg capacity
of feathers, and starvation and vulnerability to predators due to lack of
mob1hty. CoatIng of the gills of fish may cause death due to lack of
oxygen. CoatIng of any hfe forms on the bottom of a water body can kill
by smothenng.


• Any msoluble or soluble tOXIC substance that contamInates water may
pOlson animals (includmg humans) or plant hfe (aquatic plants or rrngated
crops) exposed to the water.


• Organic substances can potentially kill fish and other aquatic hfe forms by
lowering the oxygen content of the water via blOloglCal as well as chemIcal
processes.
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• Contaminated water drawn lOto lOdustnal processes may corrode or
otherwise damage or destroy eqUipment, and possibly cause fire or
explOSion hazards.


3.5 FUNDAMENTAL CONCEPTS PERTAINING TO DISCHARGES INTO AIR


Hazardous vapors or gases, 1e., those that are flammable or tOXlC to man or hiS
envrronment, may enter the atmosphere from several sources.


• They may be vented dIrectly lOto the air from a pressure rellef valve,
"smokestack", ruptured reacnon vessel, broken pipe, or other Item of
equipment at a chemlcal plant or other fixed site facility.


• They may be vented directly from a pressure rehef valve, broken valve,
loose fitttng, or puncture 10 a transportanon vehicle, contamer, or cyhnder.


• They may evolve from volatlle liqUlds or sohds discharged onto the ground
or lOto water.


Evaluanon of vapor or gas discharge hazards frrst reqUireS that the duration over which
the discharge takes place be charactenzed It then requITes assessment of how the hberated
vapors or gases wdl mlX With arr over ome in a process referred to as vapor dispersion, and
finally, reqUITes knowledge of the speCIfic hazards posed by exposure of people to resultmg
concentranons of arrborne contammants at downwlOd locanons.


Instantaneous vs. Continuous vs. Finite Duration Discharges


The most common methods avadable for assessment of vapor dispersIOn hazards
reqUITe that discharges of vapor or gases lOto the atmosphere be classified as either bemg
instantaneous or continuous 10 duranon. Instantaneous discharges are those that take place
over the course of a few seconds or a minute or so and then stop for all lOtents and purposes
The result of such a discharge IS typically a puff of vapor or gas or a distinct cloud
Connnuous discharges take place over longer penods of nme and produce long stretched-out
plumes of gas or vapor such as those typically seen from connnuously operanng
smokestacks. These cases represent the two extremes by which contamlnant emlSS10nS may
be charactenzed In the real world, many discharges may be of too long a duranon to be
charactenzed as truly lOstantaneous, yet too short 10 duranon to estabhsh a connnuous plume
These latter discharges are commonly smd to be ofjinite duration.


In the followmg, we concentrate upon descnbing the behaVIOr of gases or vapors
hberated from lOstantaneous or connnuous discharges to the atmosphere, thus providIng the
reader an understanding of the two pOSSible extreme cases Realize, however, that the actual
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behavior of a volume of contamInated au- dtspersIng In the atmosphere, pamcularly If
generated from a finite duratIon dtscharge, wtll behave in a manner somewhat between these
two extremes.


Dispersion ofVapor Puffs or Clouds


PICture if you wtll a large semt-sphencal puff or cloud of a pure chemtcal vapor or gas
on the ground that has somehow entered the atmosphere over the penod of a few seconds and
has a vapor spectfic graVIty and vapor densIty sImIlar to that of arr. As the Wind pushes on
the puff, the puff wIll begin to move In the dtrectIon of the wind at a sImtlar velocIty
Simultaneously, arr wtll begm to mtx WIth the surface of the puff, thus dtlutIng surface
vapors. As more and more arr mtxes WIth the puff, the volume of the contaminated arrspace
will become larger and larger. DIlutIon WIth arr, however, wIll cause vapor concentratIons to
drop with time at any POint in the puff, although the central core of the puff may remaIn pure
fora whIle.


What happens over tIme and dtstance as a puff dtsperses In arr IS somewhat hard to
visualize with words alone, so It IS worthwhIle to use vanous IllustratIons and graphs In thIS
endeavor. FIgure 3.1 shows four InItIal stages as a puff moves downWInd, each accompamed
below by a graph of vapor concentratIon In arr on the ground along a cross-sectIon of the
puff. At tIme equals zero, the Instant the puff IS formed, the concentratIon WIthin the puff IS
close to 100% pure vapor and the arr surrounding the puff IS uncontaminated At tIme equals
20, the puff has grown in SIze by mtXIng WIth arr, and that portIon whtch IS stIll 100% pure
vapor has become smaller. The vapor concentratIon In the remaInder of the cloud ranges
from 100% at the edge of the pure core of vapor to 0% at the edge of the cloud By tIme
equals 40, the core of 100% vapor has become even smaller, and by tIme equals 80, It has
just disappeared. From thts POint onward, the peak or maxImum groundlevel concentratIon
WIll drop below 100% and contInue to drop steadtly.


Figure 3.2 contInues the above sequence for a vanety of later tImes on a Single graph.
What is happening IS that the cloud grows larger and larger but ItS peak concentratIon, the
point at its center along the ground, becomes lower and lower At some pOint, thIS peak level
will drop below whatever concentratIon level of the gas or vapor In arr IS conSIdered
hazardous. If one were to plot the groundlevel peak concentratIon at the center of the cloud
with time or distance, It would resemble the graph In FIgure 3.3


Yet another useful way to look at cloud or puff dtsperslOn IS to look at the ground area
covered by a pamcular preselected concentratIon (whIch could be a flammabIlIty or tOXICIty
limit of some kind). FIgure 3.4 demonstrates how thIS ground area changes from the POint at
which the puff IS generated to the downWind locatIon that every POint In the puff IS below the
selected concentration The VIew IS looking down at the puff from a POint up above, WIth
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FIGURE 31
INITIAL STAGES OF VAPOR CLOUD OR PUFF DISPERSION
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FIGURE 34
PUFF OR CLOUD ISOPLETHS AT INCREASING TIMES
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FIGURE 35
ISOPLETHS IN A CONTINUOUS PLUME
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each Cl1"cle representing a dtfferent pomt in nme The hne around the set of cl!cles encloses
the ground area that will be subjected at some tlme to arrbome contannnant concentranons at
or above the preselected concentranon. In somewhat techmcal terms, the mchvtdual cl!cles,
these bemg lines of constant concentranon, are referred to as isopleths, as IS the lme
enclosing the entire set of Cl1"cles The latter IS also sometimes referred to as the cloud's
footprint on the ground for a pamcular hazardous concentranon.


The downwmd chstance that any pomt m puff, cloud, or plume WIll travel WIthm any
elapsed period. of time IS related to the velOCIty of the WInd m lts dlrect vlclmty by the
relanonship:


Distance =Wind Velocity x Time


Although this expreSSIon seems rather SImple and straIghtforward, there IS a "catch" to Its
general use. As observed above, the chstance traveled IS proportlonal to the wmd velOCIty m
the chrect vicinity of the puff MeterologIsts and weather stations typIcally report the
velocity or speed of the wmd as It has been measured at a pomt 10 meters (about 33 feet)
above the ground, where the velocity IS usually greater than that very close to a ground
surface. Indeed, volumes of contannnated arr released at groundlevel may travel as httle as
50 percent of the chstance given by the above reianonship when the wmd velOCIty used m the
equation is measured at a 10 meter heIght. Clouds, puffs, or plumes hberated to the
atmosphere above thIS heIght may travel faster than the reported wmd velOCIty


Dispersion ofContinuous Plumes


As noted preVIously, the emtSSIon of gases or vapors to the atmosphere over an
extended period. of tlme results m estabhshment of a vapor or gas plume. Pomts downwmd
of the source of emtSSIons will be exposed to a relatively constant arrbome contamtnant
concentranon for a penod. of tlme approXImately equal to the duranon of the enusslOn so
long as the wmd chrecnon holds steady. Note however, as IS also the case m mstantaneous
discharges, that some amount of time wIll be necessary for the front edge of a cloud or plume
to reach downwmd locanons after the ImtIatIon of a chscharge and for contamtnant
concentranons to nse to relanvely constant levels at these locations A SImIlar amount of
time will be necessary for the tratlmg edge to pass downwmd pomts after cessanon of vapor
or gas liberation and for contannnant concentranons to drop below levels deemed to be safe.
Thus, there are chfferent amval and departure times aSSOCIated WIth dIfferent downwmd
locations for both clouds and plumes


Figure 3 5 shows an example of what vanous concentration Isopleths look hke through
a horizontal cross-section of an estabhshed plume The mnermost Isopleth encloses the area
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subjected to the htghest concentratIons. Movmg out from the mnermost Isopleth, each
Isopleth m the outer dIrectIon represents a lower concentratIon than the previous Isopleth As
m the prevIous case, the VIew IS loolang down from above.


3.6 VARIABLES THAT INFLUENCE ATMOSPHERIC VAPOR DISPERSION


There are numerous factors that mfluence the SIze and shape of downwmd hazard
zones resultIng from vapor or gas discharges mto the atmosphere. The most Important of
these vanables are discussed indiVIdually and sometImes m combmatIon below Smce
several of them mteract With each other, It may be a good Idea to read thIS sectIon more than
once to better understand vanous mterrelatIonshtps A solId understandmg of vapor cloud
and plume behaVIOr under vanous conditIons IS an Important prereqUiSIte to proper
emergency response as well as emergency planmng


Effect ofToxic or Flammable Limit Selection on Haztlrd Zone Size


As explained m pnor diSCUSSIOns, the concentratIon of an arrborne contammant
decreases WIth mcreasmg distance along the downwmd centerline dIrectIon of the cloud or
plume path as well as m the crosswind dIrectIon What thts means in practIcal terms IS that
the chOice of a hIgher tOXIC or flammable lImIt for defimtIon of hazard zone boundanes
dunng aCCIdent consequence analySIS efforts will result m a smaller overall hazard zone than
If a lower lImIt had been chosen. Conversely, lower hmIts will lead to larger hazard zones
than hIgher hInlts.


The chOIce of an appropnate tOXIC lImIt, also referred to as a "level of concern" m
earlIer guIdance documents publIshed by the federal government, IS discussed m Chapter 6
Flammable lImIts are discussed m Chapter 4.


Effects ofDischarge Rates andAmounts on Vapor Dispersion


In the case of mstantaneous discharges and others of relatIvely short duratIon, the total
amount (1 e., weIght) of vapor or gas released to the atmosphere has an Impact on the SIze and
shape of downwmd hazard zones All other factors bemg equal, larger dIscharge amounts
wIll result m longer and larger downWind hazard zones. Smaller amounts wIll result m
shorter and smaller zones


The case WIth contInuous releases IS SImIlar All other factors bemg equal, hIgher
discharge rates wIll produce longer and larger hazard zones. Lower discharge rates wIll
produce shorter and smaller zones


3-17







The area from which a vapor evolves IS partlcularly Important when the vapor
originates from a boilmg or evaporatmg pool of hqUld A smaller pool will usually evolve a
lesser amount of vapor per urnt of ttme than a larger pool and therefore pose less of a
downwind hazard. A larger pool, haVlng a greater surface area, will produce vapors at a
higher rate and pose a greater downwmd hazard Thus, control of exposed pool surfaces can
provide some degree of control over adverse downwmd Impacts.


Effects ofAtmospheric Stability Conditions on Vapor Dispersion


The Ume of day, the strength of sunhght (If any) m the area, the extent of cloud cover,
and the wmd velocity all play major roles m determmmg the level of turbulence m the
atmosphere and thereby the dIstances downwmd over WhICh arrborne contammants will
remam hazardous Meteorologists typIcally categonze atmosphenc condInons mto six
atmospheric stability classes that range generally from "A" to "F". Class A represents
unstable condItions under whlch there are strong sunhght, clear sloes, and hIgh levels of
turbulence m the atmosphere, condIuons WhICh promote rapId mIxmg and dIspersal of
airborne contaminants. At the other extreme, atmosphenc StabIbty Class F represents hght
steady winds, nighttime sloes, and low levels of turbulence AIrborne contamInants mIX and
dIsperse far less slowly Wlth air under these condInons, WhICh also mclude atmosphenc
inversions (when temperatures mcrease Wlth alntude rather than decrease as usual), and may
travel much farther downwmd at hazardous concentranons than m other cases Table 3 3
denotes the vanous cntena used for determlnanon of these stabilIty classes Informanon on
the percentage of ttme that any partlcular locale expenences the cond1nons aSSOCIated Wlth
each class can be generally obtamed from the nearest office of the Nanonal Weather Servlce,
which is bsted under the head1ng of U.S. Department of Commerce m telephone dlrectones
of major ciues. MeteorolOgists asSOCIated Wlth local ramo and teleVISIon stations or arrports
Wl11 also be knowledgeable of these statiStics.


Dunng an actual emergency, It Wlll be necessary to understand that atmosphenc
conditions may change WIth ttme and that these changes WIll mfluence the behaVlor of the
dispersing cloud or plume. As mspectlon of Table 3.3 reveals, atmosphenc stabilIty vanes
strongly Wlth ttme of day, Wlnd speed, extent of cloud cover, and strength of sunbght As we
are aware, these are all hlghly vanable factors, pOSSIbly changmg on an hour by hour baSIS m
some locations dunng certam seasons


Gas or Vapor Buoyancy Effects on Vapor Dispersion


The descnptlons of vapor cloud and plume behaVIOr given earber started Wlth the
assumption that the vapor specific gravity or denSIty of the gas or vapor bemg released IS
approximately equal to that of arr. However, as also d1scussed earber, certam gases or vapors
and therr initial mixtures WIth arr may actually be heaVIer or hghter than arr.
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TABLE 3.3
ATMOSPHERIC STABD..ITY CLASS SELECTION TABLE


A -- Extremely Unstable Conditions
B -- Moderately Unstable Conditions
C -- Shghtly Unstable Condinons


D -- Neutral Condltions*
E -- Shghtly Stable Condlnons
F -- Moderately Stable Condlnons


Daytime Conditions Nighttime Conditions


Strength of sunlight


Surface Wind Strong Moderate Slight Thin Overcast less than or =3/8
Speed,mph greater than or = Cloudness


4/8
Cloudiness**


Less than 4.5 A A-B B - -
45-67 A-B B C E F


6.7 - 11.2 B B-C C D E


11.2-134 C C-D D D D


Greater than 13.4 C D D D D


*ApplIcable to heavy overcast condlnons day or mght
**Degree of Cloudiness = Fracnon of sky above honzon covered by clouds.







In general, hghter-than-aIr gases, vapors, or tnlXtures w111 nux With aIr m the same
fashion as those that are closer to the vapor specIfic gravity of aIr. Groundlevel contanunant
concentrations are likely to be lower, however, because maximum concentrations along the
centerline of the cloud or plume will tend to be elevated The rate at which a cloud or plume
will rise as It moves downwmd will pnmanly be a function of the difference m vapor specIfic
graVity between It and aIr and the prevailing wmd speed. LIghter gases or vapors Will nse
faster. Strong winds will tend to keep the cloud or plume closer to the ground for longer
periods of time. FIgure 3.6 for distinct clouds or puffs demonstrates these concepts and the
principles that also apply to plumes In both cases, It IS necessary to remember that the
velOCIty of the wmd will mfluence downwmd travel distances WIthm any given penod of
time.


Heavier-than-air gases, vapors, or mixtures tend to hug the ground for a time when first
released and may even follow terrain In directions across or against wmd directions on
certain boundanes. However, as these vapors and gases become more diluted With aIr, they
will at some point begin behavmg hke mixtures WIth vapor specific graVIties close to that of
air. Thus, conSIderation of heavy gas or vapor dispersIon phenomenon is more important for
higher concentrations near the source (such as those aSSOCIated With lower flammable hnuts)
than for the lower concentrations typICally aSSOCIated WIth toXiC hnuts.


The overall behaVior of a heavy (negatively buoyant) cloud or plume can be very
different than that of a neutrally or posItively buoyant cloud or plume and the shape and
dimensions of the cloud or plume can be strongly mfluenced by the duration of the discharge,
prevailing atmosphenc stability conditions, and prevailing wmd velOCIties. For example, an
instantaneous discharge of a flammable hquefied gas can result m a flammable or potentially
explosive cloud that IS 25 percent greater in maximum Width than ItS length under neutral
atmospheric conditions (see Table 3.3) when wmds are of moderate velOCIty Under more
stable atmosphenc conditions WIth lower wmd speeds, the maximum Width of the cloud
could drop to approXImately 80 percent of ItS length. Under speCIfic combmations of
conditions, particularly for large releases, cloud WIdths could be as much as 150 percent of
length dimenSIOns.


Continuous or otherwise prolonged discharges of heavy gases or vapors can behave yet
differently from short-term releases Under neutral atmosphenc stability conditions, maxI
mum plume widths typICally range from 30 to 60 percent of lengths when wmds are of
moderate velocity Under stable conditions, these widths can vary from 75 to 90 percent of
lengths. In contrast, the maximum WIdths of neutrally or pOSitively buoyant clouds or
plumes are typically in the range of 40 to 50 percent of lengths.
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Figure 3.6
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Effects ofSource Elevation on Vapor Dispersion


Although many discharges of gases or vapors are hkely to take place at or near
groundlevel, some may occur from the top of an elevated Item of equipment or from a tall
smokestack, pressure relief valve, or simJ.lar venting deVIce. The principles set forth earher
With respect to post-dIscharge behaVIor of gases and vapors reIl131n apphcable m such cases,
but it must be noted that groundlevel concentranons due to elevated sources may vary
significantly from groundlevel concentrations due to groundlevel sources. Figure 3.7
illustrates some of the reasons for such dIfferences.


The most Important concept to understand about elevated dIscharges IS that maximum
concentranons will be along the centerhne path of cloud or plume travel m the downwmd
direction. In the case of neutrally buoyant clouds or plumes, groundlevel contaminant
concentranons may be essennally zero until the bottom of the cloud or plume fIrSt touches
ground. These concentrations will then rise with increasing downwind distance, reach a
peak, and then drop With further dIstance. As demonstrated by the graph m Figure 3.3
presented earher, this dIffers markedly from the varIation of concentration with distance seen
along the centerhne path of such a cloud or plume.


When vapors or gases are hghter tltan air and therefore poslnvely buoyant, the presence
of harmful contammant concentrations near groundlevel Will strongly depend upon the wind
velocity. As illustrated in Figure 3.6, the cloud or plume may nse quickly, slowly, and
possibly not all depending on the wmd speed (and the velocity With wmch the vapors or
gases are discharged upwards into the air). Groundlevel concentrations wIll vary accordIng
ly.


Effects on Dispersion Relating to Physical States ofContaminants


Although the dISCUSSion to thls pomt has focused on the dispersIOn of gases and vapors
in air, it IS also Important to understand that fme mists, fumes, or aerosols of hqUlds as well
as fme dusts or powders may also be transported by the wmd to downwmd locanons. Some
discharges could involve mixtures of chemIcal vapors and aerosols and dusts.


Larger and heaVier droplets of hquld or particles of sohds may "settle out" of the cloud
or plume and drop to ground surfaces farrly close to their pomt of ongm Somewhat smaller
particles may settle out a bit further downwmd, whIle the smallest of all may travel as far as
vapors and gases at equivalent concentranons in air. Droplets of volanle hquids may
vaponze as they are carned by the wmd or after they settle out of the main cloud or plume.
They may also cause part or all of a cloud or plume to behave as If It is heaVier than arr even
If the same substance m a purel! gaseous state mIght be hghter than arr or neutrally buoyant
at prevailing temperatures. All of these phenomena can have an Impact on groundlevel or
close to groundlevel contammant concentranons, generally resulnng m levels above those
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_"'---3).~ WInd DuectIon


1 Puff dIspersIOn of neutrally buoyant vapors Groundlevel
concentratIOns may be zero for some time until the puff flrst
"hItS" the ground Same puff shown at dIfferent hmes above


2 ContInuous plume dIspersIon of neutrally buoyant vapors In
aIr Note agaIn that some dIstance may be requIred before any
contamInatIOn occurs near the ground


3 Plume dIspersIOn of heavy vapor
path dUrIng dIlution WIth aIr


Puffs may follow a SImIlar


Some
FIgure 3.7


Effects of Elevated
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that would be expected in the absence of mlsts, fumes, aerosols, or dusts. Accurate
predictIon of cloud or plume behaVIOr under these condIuons IS extremely complex and
prone to substantIal errors.


Effects ofDischarge Velocities on Dispersion


Vapors or gases may be released to the atmosphere at relatIvely low velocIUes or may
be vented under hlgh pressure as a Jet There are VarlOUS "Jet" momentum effects that alter
puff or plume behaVIOr, partIcularly near the source of a dIscharge A strong Jet of vapor or
gas will tend to entram and mlX WIth all' rapIdly at fIrst, thus tendIng to reduce contamtnant
concentratIons These effects become less lmportant, however, as the puff or plume moves
downwmd.


In the event that a hlgh velocity hlgh rate dIscharge of a heavu:.o: than arr mlXture of gas
and hqUld aerosols takes place m the downwmd drrecuon, there IS a dIsunct posslblhty that
downwind hazard zone lengths will be greater than those predIcted by most vapor dIspersIon
models in general use The behaVIOr of such hlghly pressunzed dIscharges of compressed
hquefied gases IS a subject recelvmg conSIderable attentIon m sCIentIfic clcles at present, but
accurate predictIon of contamtnant behaVIOr under these condItIons remalns prone to
substantIal errors


Effects ofLocal Terrain on Vapor Dispersion


In virtually all that has been saId about atmosphenc vapor dIsperSIOn phenomena up to
thIS pomt, 1t has been tacitly assumed that the vapors or gases bemg dIscussed are dlspersmg
over flat terram Wlthout obstacles of any land In the real world, however, large pomons of
the country are by no means flat or deVOId of hl1ls, mountalns, trees, or bmldIngs All of
these topographlcal features and others mfluence the manner m WhICh arrborne contamtnants
disperse


In most cases, a certam degree of "roughness" m the terram IS benefICial m the sense
that it tends to speed up the rate at WhICh contamtnants mlX WIth arr and are thereby dIluted
Thls IS understandable 1f one thmks about how the wmd behaves as It swrrls around and over
trees, hills, bmldIngs, and other objects There are two SItuatIons, however, m whIch terrain
effects may cause mcreased hazards at or near groundlevellocatIons


The first case mvolves SItuatIons m WhICh contammants are trapped wlthm some sort of
canyon, valley, or bowl-l1ke depreSSIOn m the land surface Under these condItIons, the walls
or sides of these topographlcal features can prevent spreadIng of clouds or plumes and
restnct dllutIon With arr. The net result IS that hazard zones mlght be of different size and


3-24







shape than otherwIse expected If an atmosphenc mverSIOn were to occur such that there was
essennallya "cap" placed over a bowl-l1ke depreSSIOn or valley, arrborne contannnants could
be hterally trapped for extended penods of tune


The second case mvolves the d1spersIOn of gases or vapors from an elevated source
when there are bul1d1ngs or smlilar shaped features on the land m the downwmd drrecnon.
As the wmd passes over a bul1d1ng, some part of It may be drawn down mto a sWIThng eddy
pattern m a space behmd the structure commonly referred to as ItS "wake cavIty". The
pracncal sigmficance of thIS phenomenon IS that contannnants hberated from elevated
sources could potennally be drawn down towards groundlevel much sooner and at much
shorter downwmd d1stances than nught otherwlse be expected


Readers should be adVIsed that many of these phenomena are extremely d1fficult If not
ImpOSSible to address m any sort of generalzzed vapor d1sperslon hazard pred1cnon model or
methodology regardless of Its clalmed level of sophlsncanon or cost Those who may be
tempted to purchase any expensive software package to evaluate downwmd vapor dIspersion
resulnng from chenucal aCCIdents for planmng purposes should fITst compare the results of
the package WIth the results obtamed from the computer program prOVIded WIth thIS guIde
for several scenanos


Effects ofWind Meandering on Evacuation or Protective Action Zones


The maln reason that one would Wlsh to deternune or pred1ct the concentranon
Isopleths or footpnnts of gas or vapor clouds or plumes IS to deternune those downwmd areas
that may requITe pubhc evacuanon or other protecnve acnon m the event of a tOXIC and/or
flammable vapor or gas release. It IS Important to realIze, however, that the drrecnon of the
Wlnd IS rarely steady over any slgmficant penod of nme and that the wmd direcnon tends to
ShIft back and forth between vanous drrecnons. ThIs shlfnng over nme IS often referred to as
meandering. The pracncal slgmficance of wmd meandenng IS that an area larger than that
pred1cted by stnct apphcanon of d1spersIOn estlmanon methods may requITe evacuatIon or
other means of pubhc protecnon durmg an actual emergency.


The probablhty and extent of wmd meandenng m any locale IS a complex funcnon of
several factors, but one of the most Important mvolves the atmosphenc stabilIty class
prevalent ill the area at the nme The wmd tends to meander less on average under stable
cond1nons than m unstable weather


Based on data presented on page 28 of the Handbook ofAtmospheric Diffusion (U S
Department of Energy, DOE/TIC-11223) by Hanna, Bnggs, and Hosker, It has been
deternuned that there IS a 90 percent probablhty on average that a cloud or plume w111 remaln
wlthm a downwmd arc of 120 degrees from ItS pomt of ongm under atmosphenc stabilIty
class cond1nons A, B, and C For more stable stabilIty classes, the arc narrows to a 40 degree
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angle. FIgure 3.8 illustrates these observatIons, the practical sIgmficance of whIch IS the
findmg that the area requmng evacuatIon or other protectIve actIon (such as sheltenng
populations m place) m the first hour of a hazardous vapor or gas release should usually be
based on the above arcs and not the actual WIdth of selected concentratIon Isopleths Where
an evacuatIon IS to be attempted, It IS often best to start from a pomt nearest the emISSIOn
source and work outwards towards downwmd areas subject to lower concentratIons Be
advIsed, however, that there IS an exceptIon to the above findmgs When the velocIty of the
wmd IS very low under speCIal cIrcumstances, the drrectIon of the wmd can become very
erratic. It IS best to be prepared under low wmd condItIons for one or more sudden shIfts m
wind drrectIon~and the possIbility that a cloud or plume may hterally "hop" from one pOSItIOn
or directIon to another


IndicatIons of the speclfic areas that may requIre protectIve actIon m the event of
specific spIll or discharge SItuatIons can be obtamed by drawmg hazard zone boundanes on a
map of the reglon m accordance WIth the "scalell shown on the map These boundanes can
be drawn for vanous WInd drrectIons and atmosphenc stability classes to Illustrate potentIal
hazard zones under vanous condItIons Local census data may then be used to estImate the
maximum number of people that may reqUIre protectIon Note that the drawmgs WIll be most
eaSIly drawn usmg a ruler and protractor, keepmg m mInd that a full CIrcle has 360 degrees.


If the dIscharge or release may be prolonged, the probabIhty WIll mcrease that there
WIll be a major shIft m wmd drrectIon When and where pOSSIble, It IS best to consult a
meteorolOgist WIth detailed knowledge of current local condItIOns ImmedIately for adVIce on
how to expand the evacuatIon area as tIme progresses For truly prolonged SItuatIons
involvmg hazardous emISSIOnS, It may eventually become necessary to evacuate a full CIrcle
around the aCCIdent SIte out to the radIalllmIts of the estImated hazard zone


It IS precIsely because the drrectIon of the WInd dunng an aCCIdent cannot be predIcted
m advance and that the drrectIon may ShIft dunng a hazardous event that the zone conSIdered
vulnerable around a potentIal aCCIdent or mCIdent SIte encompasses a full CIrcle around the
SIte (or a "comdor" of overlappmg CIrcles If the SIte IS along a railroad, pIpelme, barge, or
truck route) Although there may be many cases m WhICh only a portIon of the vulnerable
zone will requIre protectIve actIon, pubhc and mdustry offiCIalS must realIze that the entIre
zone is at risk and will reqUIre attentIon dunng the emergency planmng process, partIcularly
with respect to populatIons at speCIal nsk or requmng speCIal aSSIstance


The average probability of the wmd bemg m any partIcular drrectIon may be useful
knowledge, particularly m locatIons where the wmd IS prone to flow m certain drrectlons on a
regular baSIS dunng vanous seasons As m the case of atmosphenc stabIlIty classes, the
plannmg process can therefore benefit from consultatIon WIth a meteorologIst at the nearest
office of the NatIonal Weather Se!V1ce 01 aSSOCIated WIth a local radIo or teleVISIon statIon or
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FIGURE 3.8
VAPOR DISPERSION HAZARD ZONE BOUNDARIES


WInd directIOn


1


EmISSIon source


Use for discharges less
than one hour In durahon
under atmospheric stablhty
conditions D. E. and F


Arrows wIthIn boundarIes of estimated hazard zones
IndIcate length of downwInd hazard dIstance In downwInd
centerlIne dIrection of wInd


Longer duration dIscharges may require up to 360 de~ree
evacuahons or protective measures If the wInd dIrection
may ShIft dUring the dIscharge. Consult a qualIfied
meteorologIst In actual emergencIes for advIce.
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airport. It is common practtce for these plOfesslOnals to mamtaln or have access to detalled
historical data pertaining to the frequency of vanous wmd drrecttons m the locale of therr
concern.
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4.0 FIRE HAZARDS OF CHEMICAL SUBSTANCES
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4.1 INTRODUCTION


When most of us thmk of an unwanted rIre, we typlCally pIcture a burmng buddmg, a
burnmg transport vehIcle of some land, or a burnmg forest wIth flames and smoke nsmg mto
the sky. These are clearly the most common types of rIres and typIcally mvolve ordmary
combustIble matenals such as paper, wood, cloth, plastIcs, and rubber FIre departments
across the nation face such rIres on a daily baSIS and are well-eqUIpped and tramed to deal
With them. Hazardous matenals, however, may pose add1tIonal types of rIre hazards WIth
unusual charactenstIcs In the followmg, we rrrst d1scuss measures of flammabIhty potential,
contInue WIth a d1scusslOn of how the effects of rITes may be evaluated, and finally, descnbe
a number of "speCIal" types of frres associated WIth hazardous matenals


4.2 MEASURES OF FLAMMABILITY POTENTIAL


It hardly needs sayIng, but most of us realIze that some matenals are much more easdy
IgnIted than others Some requrre only a spark, such as the propane or LP-gas fuel m a gas
barbecue, whde others, such as a pIece of granIte, w111 not Igmte even If placed under a
weldmg torch The most common measures of flammabIhty potentIal for matenals WhICh are
flammable or combustIble are 1) flash pomts, 2) lower flammable or lower explOSIve hmlts;
3) upper flammable or upper explOSIve hmlts, and 4) autOlgmtion temperatures These data
are readily avmlable m vanous handbooks and hazardous material data bases when known,
and are commonly hsted m chemlcal company matenal safety data sheets (MSDS) FIre







safety and combustion experts may also consider igmnon energy reqwrements, fire POInts,
flame spread rates, and heat and smoke generanon rates of matenals in evaluanng theIr
flammability charactensncs, but knowledge of these latter attnbutes IS not truly needed for
the purposes of this document and sources of appropnate data are not readtly available to the
general pubhc for a large number of subtances.


Flash Points


The flash point of a combusnble substance, In Simple terms, IS the lowest temperature
of a matenal at whIch the vapors over Its hquld or sohd surface Will Igmte and burn when
exposed to a specified ignition source without necessanly caUSIng self-sustaInIng combusnon
of the hquid or sohd Flash pOInts vary from temperatures far below zero degrees Fahrenheit
for flammable gases (such as natural gas, LP-gas, propane or butane), and volanle flammable
liquids (such as gasohne), to hundreds of degrees above zero for heavy fuel ol1s. (Note: The
temperature at whIch the vapors over a hqUld or sohd will Ignite and contlnue to burn due to
self-sustaining combusnon of a hquld or sohd IS called ItS fire point. These temperatures are
avallable m the profeSSional hterature for only a relatively few materials.)


Materials with low flash POInts relanve to temperatures m the ambient (I e., natural)
environment are usually igmted easlly by a spark (be it from metal scrapmg metal or stone or
from stanc electriCity) or by a flame from any source. Most frequently, they are substances
that are normally gaseous at ambient temperatures or bqUlds that readily evaporate or boll
upon release. These vapors or gases can somenmes be carned by the wind to a source of
Ignition somewhat distant from the discharge site of the matenal and flashback to the spill
source causing one or more of the fIre hazards descnbed later


Substances With flash pomt temperatures close to ambient temperatures are also easlly
Ignited by sparks or flames. The mam dIfference between such matenals and those descnbed
in the previous paragraph IS that the Igmnon source must be closer to the fuel in order for
ignition to take place. ThIs follows from the observanon that such matenals are generally
liquids of lower volatlbty than materials With substannally lower flash points.


The higher the flash POInt temperature IS above ambient temperature, the more difficult
it becomes to igmte a substance Under normal CIrcumstances, a fuel With a high flash pomt
cannot be Ignited by a spark or even a nearby flame unless: 1) the fuel IS a bquld sprayed
into the air as a fme nnst, 2) the fuel is a finely diVided sohd, 3) a portlon of the fuel IS
heated to its flash pomt by a nearby source of heat and then exposed to an Igmnon source; or
4) the fuel IS heated to a temperature at or above ItS flash POInt pnor to release and
encounters an ignlnon source before cooling
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The flash pomt temperatures of combustible matenals are deternnned usmg testlng
methods and equ1pment standardIzed by various orgamzations, Wlth the Amencan Soc1ety of
Testing and Matenals (ASTM) bemg the primary standard-settlng body m the Umted States.
There are two mam classes of testtng methods wh1ch respectively prov1de "open cup" or
"closed cup" flash pomts, and each class represents more than one spec1fic testmg method
Because of dIfferences m eqUlpment des1gn and testtng procedure, the numencal value of
closed-cup flash pomts 1S typ1cally some 5-100 Fahrenhe1t lower than that of the open-cup
flash pomt for the same substance, but the dIfference may be greater or less m mdIv1dual
cases Due to other factors, most 1mportantly the punty of the sample tested, 1t 1S not
surpnsmg to find a number of dIfferent closed cup or open cup flash pomts for any g1ven
substance, all of wh1ch dIffer to some extent. It 1S well, therefore, to cons1der flash pomt
values reported m the hterature as approxImate rather than exact values


Flammability and Explosivity Limits


It 1S rather well known that combustion cannot take place m the absence of a certam
mImmum amount of oxygen, be 1t available m arr mIxed W1th gases or vapors evolved from a
combustlble substance or from an mtemal component of the fuel Conversely, there must be
suffic1ent fuel vapors or gases available m a fuel-arr mIxture to support and sustam
combustlon. Thus, there are both lower and upper hmIts assoc1ated Wlth fuel concentrations
m arr that will 19mte and pernnt flames to spread away from the source of 19mtion (1 e,
permit flames to propagate) Fuel concentrations below the lower hmIt w111 contam
msuffic1ent fuel to 19mte and propagate flame and are commonly referred to as bemg too
lean to bum Those above the upper hmIt are cons1dered too rich to 19mte, that 1S, they
contmn too much fuel and/or too httle oxygen, as m the case of a "flooded" automob1le
engme


The mmlmum concentration of a vapor or gas m arr that Wlll 19mte and propagate
flame is known as 1ts lower flammable limit (LFL) concentratlon or 1tS lower explosive limit
(LEL) concentration and 1S usually expressed as a percentage by volume of fuel vapors m arr.
The words flammable and explOSIve are used mterchangeably such that LFL values typ1cally
equal LEL values m the hterature The reasomng behmd th1S 1S that the concentration of a
fuel that will bum m arr can also be expected to explode under the appropnate condItions
Th1S SUppos1tiOn 1S only approXlmately true for some fuels (where prec1se LEL values mIght
be shghtly h1gher than LFL values), but 1t has become w1dely accepted over decades of use


S1ml1ar to the above, the maxImum concentration of a gas or vapor m arr that will
19n1te and propagate flame 1S known as the upperflammable limit (UFL) or upper explosive
limit (VEL) of the fuel. Agam, the words flammable and explOSIve are often used in an
mterchangeable fashlon.
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LFL or LEL values are related to flash pomts of combustible substances m that the
flash pomt is theoretically the temperature at atmosphenc pressure to WhlCh a substance must
be raised to produce a vapor or gas concentration over its surface equlvalent to ltS LFL or
LEL concentratlon The relatlonshlp lS not always observed m practice, however, because
flash point measurement equlpment and procedures, as dIscussed above, do not always
produce precise values.


Flammable and explosive hmlts found m the hterature are usually measurements made
at normal atmosphenc temperatures and pressures unless mdIcated otherwIse. Be adV1Sed
that there can be conslderable vanatlon m these hmlts at pressures or temperatures above or
below normal. The general effect of an mcrease m temperature or pressure lS to reduce the
lower limlt and mcrease the upper hmlt Decreases m temperature or pressure have the
opposite effect.


As a f'mal note, It IS also Important to appreclate that certam sohds, when dIspersed m
air as fine powders, may also be capable of burnmg or explodIng upon encountenng a
suitable source of Igrntlon. Some examples mclude coal dust produced m mlnIng operations,
gram dust produced m sl10s dunng storage or transfer operatlons, and flour produced in
milling operations. Flammable or exploslve hmlts for sohd matenals are usually expressed
in units of weight of sohd present m a speclfied volume of arr.


Autoignition Temperatures


The ignition or autoignition temperature (AIT) of a substance, whether sohd, liquld,
or gaseous, IS the mlnlmum temperature necessary to mltlate or cause self-sustammg
combustion in the absence of a flame or spark. Even more so than flash pomts or flammable
limits, these temperatures should be Vlewed as approXlmatlons due to the many factors that
can affect testing results. Indeed, lt must be noted that most values currently found m the
literature were determmed by testIng methods that are now consldered obsolete Newer
testing methods adopted by the ASlM frequently demonstrate substannally lower tempera
tures for the onset of combustlon than older methods.


Table 4.1 proVldes examples of various hazardous matenals and therr associated
flammability data Those at or near the top of the hst are extremely flammable and volanle
and more hkely to produce large quantities of flammable vapors or gases upon release,
vapors or gases that may travel a conslderable dIstance from the spll1 slte and snll be wlthm
flammable or exploslve hmlt concentrations m alt. Those at or near the bottom of the 11st are
chfficult to Igrnte Wlthout pnor preheating and tend to have much lower vapor pressures (l.e.,
are generally oflow volatl11ty).
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TABLE 4.1
EXAMPLE FLAMMABILITY CHARACTERISTICS


Substance Closed-cup LFL(%) UFL(%) AIT (OF)
Flash Point (OF)


Propane Very low 21 9.5 842


Gasoline -45 to -36 1.4-1.5 7.4-7.6 536-853


Acetone -4 25 13 869


Isopropyl alcohol 53 20 12.7 at 750
200°F


Turpentine 95 0.8 * 488


Fuel Oll no. 2 126-204 * * 494


Motoroll 275-600 * * 325-625


Peanutoll 540 * * 833


*Note:


Sources:


Flash pomts are often not recorded for substances that are gases
at ambIent temperatures because of the very low temperatures
requrred to determIne them. Slml1arly, flammable hffilts are not
always available for substances WIth hIgh flash pomts due to
the hIgh temperatures needed for 19mnon Substances that are
complex mIXtureS of a number of matenals, (e g., fuel OllS) may
have a range of flash pomts.


Fire Protection Guide on Hazardous Materials, 8th ed.,
Nanonal Frre Protecnon Assoclanon, Qumcy, MA, 1984.


CHRIS Hazardous Chemical Data, US Coast Guard, U.S.
Department of Transportatton, Washington, DC, 1978.
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4.3 MEASURES OF FLAMMABIUTY EFFECTS


Direct contact WIth a flame of any sort IS obVIously not a good Idea for any prolonged
period of time since the extreme heat may IgnIte combustIble matenals or severely burn and
destroy living tissue What may not be fully reahzed IS that fIres can also cause damage or
injury from a distance VIa tranSmISSIOn of thermal radIation, not unhke the manner In WhICh
the sun warms the earth. Such radIatIon, whIch IS completely dIfferent from nuclear
radiation, will be strongest at the surface of a flame and WIll become rapIdly weaker as one
moves away in any drrectIon. Consequently, dunng a major hazardous matenal release
Involving fire, property damage and human inJunes may occur not only In burnIng areas, but
also m a zone surroundIng the fIre.


Thermal radIatIon levels (also referred to as thermal radIatIonjluxes) are measured and
expressed in umts of power per umt area of the Item receIVIng the energy. However, SInce
the damage or Injury sustained by a receIVIng object IS a functIon of the duratIon of exposure
as well as the level, thermal radIatIon dosages are also of concern These dosages are
determIned by combIning radIatIon levels WIth exposure tImes and are expressed In umts of
energy per unit ttme per unit area of reCeIVIng surface Table 4 2 hsts some of the known
effects of thermal radIatIon on bare skin as a functIon of exposure level and tIme.


4.4 TYPES OF FIRES


There are essentIally SIX types of fIres associated WIth hazardous matenal dIscharges,
with the type of fIre a functIon not only of the charactenstIcs and propertIes of the spIlled
substance but the CIrcumstances surroundIng ItS release and/or Igmtton The SIX types are·


• FlameJets


• FIreballs resulttng from Boiling LIqUId ExpandIng Vapor ExplOSIOns
(BLEVEs)


• Vapor or dust cloud fIreS


• LiqUId pool fIreS


• FIreS mvolVIng flammable sohds (as defined by the U S Department of
Transportation), and


• Fires involving ordInary combustIbles
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TABLE 4.2
THERMAL RADIATION BURN INJURY CRITERIA


Radiation Intensity


kW/m2 Btulhr·ft2 Time for Severe Time for 2nd
Pain (sec) Degree Bum (sec)


1 300 115 663


2 600 45 187


3 1000 27 92


4 1300 18 57


5 1600 13 40


6 1900 11 30


8 2500 7 20


10 3200 5 14


12 3800 4 11


Data sources: Buettner, K , "Effects ofExtreme Heat and Cold on Human SIan, II
Surface Temperature, Pam and Heat Conducuvlty m Expenments Wlth
RachantHeat," J. Ap Phys., Vol. 3, p. 703,1951.


Mehta, A K., et al , "Measurement ofFlammablhty and Burn Potenual
of Fabncs," Summary report to the NSF under Grant #01-31881, Fuels
Research Laboratory, Mass. Inst of Tech ,Cambndge, Mass., 1973.
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Flame Jets


Transportatlon or storage tanks or pipelmes contmmng gases under pressure (i e.,
compressed gases) or normally gaseous substances that have been pressunzed to the pomt
they become hquids (i e., compressed hquefied gases) may dIscharge gases at a hIgh speed if
somehow punctured or broken dunng an accIdent The gas dIscharging or vennng from the
hole Will form a gas jet that "blows" mto the atmosphere m the drrecnon the hole IS facmg,
all the while entrmmng and nnxing With air. If the gas IS flammable and encounters an
ignitlon source, a flame Jet of consIderable length may form (possIbly hundreds of feet in
length) from a hole less than a foot m dIameter Such Jets pose a thermal radIanon hazard to
nearby people and property, and are partlcularly hazardous 1f they Impmge upon the extenor
of a nearby mtact tank containmg a flammable, volatlle, and/or self-reacnve hazardous
material. Such events sometlmes occur durmg muln-car train dermlments or m mCIdents at
crowded chemical plants or OIl/gas processmg or storage facilines. In these cases, the heat of
the flame mcreases pressure m the mtact tank whIle SImultaneously weakenmg ItS outer wall.
This may eventually cause the tank to rupture VIolently or explode m an event referred to as a
BLEVE (see below), partlcularly If the flame Impmges on the wall in the vapor space of the
container where there is no adjacent hqUld to draw heat away from the wall surface. If the
contents of the mtact tank are flammable, a large nsmg fIreball may result If the contents
are nonflammable but tOXiC, a large amount of tOXIC vapors or gases may be suddenly
released to the atmosphere


Fireballs Resultingfrom BLEVES


Boiling Liquid Expanding Vapor Explosions (BLEVEs) are among the most feared
events when sealed tanks of hqUld or gaseous hazardous matenals are exposed to frre.
Although they are called explOSIons, they are not aSSOCIated WIth strong blast waves In many
cases. Rather, they mvolve the VIolent rupture of a contalner of flammable matenal and the
rapId vaponzanon of the matenal If the substance IS flammable, a large nsmg frreball may
form, the SIze of whIch WIll vary WIth the amount of hazardous matenal present, and whIch
may be as much as 1,000 feet m dIameter when mvolvmg a raIlroad tank car contalmng a
flammable hquefied compressed gas hke hqUld propane or LPG Although the frreball IS
generally of short duranon, the mtense thermal radIanon generated can cause severe and
pOSSIbly fatal burns to exposed people over relanvely conSIderable dIstances m a matter of
seconds. In addinon, If the tank IS relanvely long and cylmdncal m shape, part of the tank
may hterally "rocket" mto the arr, all the whIle spewmg forth burnmg gases and hqUlds.
Pieces of such tanks have been known to travel up to 5,000 feet m BLEVEs mvolvmg
railroad tank cars. Frres and vanous Impact damages have occurred at the landIng pomts of
larger pieces. (Note' Be adVIsed that thele IS potentlal for the tank to rocket upon ruptunng
violently or explodmg regardless of whether ItS contents are flammable or nonflammable)
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The phenomena leadIng to a BLEVE can occur Wlth most hqUlds excessively heated In
a closed or inadequately vented container, whether they are flammable or not, or are pure
matenals or miXtureS, unless other crrcumstanual factors are considered. Two important
factors are the duraUon of the external exposure fire and the flow capaCity of any pressure
rehef valve if one is present If the exposure fire is not of sufficiently long durauon, or if the
rehef valve can vent vapor as fast as it is generated, a BLEVE will not occur An add1uonal
factor is the avaliabihty of external coohng Via fixed water spray systems, frre mOnItors, hose
streams, etc. These can contnbute to the prevenuon of a BLEVE either by suppressing the
external fire or by coohng the heated vessel FInally, note that the possibihty of a BLEVE
Increases With the volaUhty of the hazardous matenal Substances With higher vapor
pressure at any given temperature are more at nsk than those With lower vapor pressures


Vapor orDust Cloud Fires


Vapors evolved from a pool of volaule hqUld or gases venung from a punctured or
otherwise damaged contatner, if not ignIted lmmed1ately, Will form a plume or cloud of gas
or vapor that moves in the downWInd d1recuon. If thiS cloud or plume contacts an ignItiOn
source at a poInt at which itS concentraUon is WithIn the range of itS upper and lower
flammable hmits, a wall of flame may flash back towards the source of the gas or vapor,
engulfing anything and everythIng In itS path Similarly, fireS may flash through arrborne
clouds of finely d1Vlded combusuble dusts whether or not they are formally claSSified as
hazardous matenals. People or property caught WIthin the cloud as the flame passes may be
severely Injured or damaged if not protected


LiquidPool Fires


A hquid pool fire is defined as a fire InVOlVIng a quantity of hqUld fuel such as gasolme
spilled on the surface of the land or water. As In pnor cases, pnmary hazards to people and
property Include exposure to thermal rad1auon and/or tOXiC or corroSive products of
combusuon. An added comphcauon is that the hqUld fuel, depend1ng on terram, may flow
downslope from the aCCident Site and mto sewers, drains, surface waters, and other
catchments. There have been cases where such fireS have ignIted other combusuble
materials In the area or have caused BLEVEs of contatners subjected to the flames On
occaSion, pools of burmng hqUlds floaung on water have entered water mtakes of mdustnal
facilities and caused mternal fireS or explOSiOns. Burmng fuels entenng sewers and drains
not completely full of flUid have caused underground frres and/or threatened mdustnal or
muniCipal treatment facihues at the receiVIng end of the sewer or drain.
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Flammable Solid Fires


A flammable solid is defmed by the U S Department of Transportation as any solid
matenal, other than one classed as an explOSIve, winch under condlnons normally mCldent to
transportation IS hable to cause fIres through fncnon, retained heat from manufactunng or
processing, or winch can be Igmted readlly and when IgnIted burns so vIgorously and
persIstently as to create a senous transportanon hazard. Included m thIS class are sponta
neously combustible and water-reactive matenals


As the above defImtIons suggests, the term flammable solId encompasses matenals
With a wide range of hazardous propertIes.


• Some of these solIds are conSIdered hazardous because they can be Igmted by
friction, much lIke the head of a match


• Some are orgamc matenals such as charcoal, powdered coal, wet paper, and even
fIsh scrap or fIsh meal WhICh may at ttmes mternally generate heat to the pomt of
self-ignItiOn when Improperly stored or transported.


• Some are metals in the form of powders or other small pIeces WhIch can
self-igmte m prolonged contact WIth mOisture, burn at very hIgh temperatures,
and/or be difficult 1f not ImpOSSIble to exnngUlsh Without speCIal techmques or
matenals, with alummum and magneSIUm bemg good examples


• Some of these matenals (I.e., pyrophonc substances) may Igmte 1f exposed to arr
or burn Vigorously in the faslnon of Inghway flares. Phosphorus has both of these
propertIes and also generates large quantities of tOXIC and rrntanng smoke.


• Some have several of these propertIes.


Fires Involving Ordinary Combustibles


Some hazardous matenals, mcludlng some of the flammable solIds descnbed above,
burn with no special hazards beyond those aSSOCIated WIth paper, wood, and other common
materials of everyday 11fe Wet paper waste, for example, IS only conSIdered hazardous
because it may igmte spontaneously (1 e, self-heat and self-Ignite) Once burning, It poses
no speCIal or unusual threat ThIS IS not meant to Imply that such a fire would not be
signifIcant or important to conSIder m plannmg for emergenCIes, only that the nature of the
threat is one encountered frequently by fIre servlce personnel and well known to them.
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4.5 PRODUCTS OF COMBUSTION


Besldes evolvmg heat and thermal radlanon, frres mvolvmg certaln hazardous matenals
may generate smoke and gases that are more tOXlC than those evolved from ordinary
substances In most cases, the heat of a frre will cause these products of combusnon to nse
mto the sky where they w111 become dlluted Wlth arr below harmful levels before
reapproachmg the ground surface. On occaSlOn, however, therr toxlClty level may be so hlgh
as to necessltate pubhc evacuanons uunl the frre has been exnngUlshed Indeed, a 1986
mCldent m Ohlo mvolvmg the burnmg of phosphorus m a railroad car requrred the
evacuatlOn of at least 40,000 people due to the tOXlC and rrntatlng smoke generated ThlS
was the largest evacuanon assoclated Wlth a tram wreck m the hlstory of the Umted States


Matenal safety data sheets (MSDS) and other data bases and handbooks descnbmg
mmVldual substances w111 typlcally provlde a general mmcauon of expected products of
combusnon or thermal decomposlnon. The term "general" is used because far more often
than not the mscusslOn will be rather lmprecise and unlikely to hlghhght more than a few
rather common products of combusnon or decomposluon.


In the case of organlc matenals comprised solely of carbon, hydrogen, and oxygen,
products of combusnon vrrtually always mclude carbon dioxlde and hlghly tOXlC carbon
monoxlde together Wlth water vapor and some amounts of unburned vapors of the hazardous
matenal Substances of low molecular welght (1 e., SImple hydrocarbons and alcohols), may
mdeed only generate these products of combusnon when burnmg freely m the natural
envrronment. More complex and heaVIer substances, however, may generate a comphcated
mlxture of substances, some of whlch may be extremely tOXlC A general rule of thumb to
follow IS that most stnctly organic matenals usually pose no more hazard when burnmg
(although the hazard may mdeed be very slgmficant) than a burnmg wooden home or other
bU1ldmg The key excepnon mvolves fires mvolvmg orgamc matenals of hlgh tOXlClty m the
unburned state, With pesncldes bemg pnmary examples. Frres mvolvmg such matenals may
be parncularly hazardous not only due to tOXlC combusnon products but due to the potenual
disperslOn of unburned pesncldes.


One can obtain a general idea of unusual products of combustion or decomposlnon by
lookmg at the chemlcal formula for any parncular hazardous material of concern, thlS bemg
an Item almost always given m MSDS and other safety related pubhcanons for pure
matenals. Some of the more common symbols used for vanous indiVldual components (I.e.,
elements) of chemlcal molecules mclude:
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Element Chemical Symbol


Bromme Br


Carbon C


Chlorine CI


Fluorine F


Hydrogen H


Lead Pb


Mercury Hg


Nitrogen N


Oxygen 0


Phosphorus P


Sulfur S


Hazardous matenals containing bromme, chlonne, or fluonne, If subject to combusnon
or decomposition m a fire enVlronment, may generate rrntatmg and corrosive substances
such as hydrogen bromide or hydrobroffilc aCid, hydrogen chlonde or hydrochlonc aCid, or
hydrogen fluonde or hydrofluonc aCid, and pOSSibly gaseous bromme, chlonne or fluonne
themselves. The extremely toxic substance known as phosgene may be formed m some cases
when chlorine IS present, partlcularly m combmanon Wlth oxygen m the cheffilcal molecule,
so it is important to check for thls posslb111ty m MSDS and other mformanon sources


Both lead and mercury are well-known toxic metals that can be found as components
of numerous cheffilcal substances. Smoke or fumes from flres mvolvmg these tOXIC heavy
metals and others (such as arsemc), must always be of concern.


Although pure nitrogen gas IS non-toxIc and a major component of arr, cheffilcal
molecules contaimng mtrogen atoms may evolve tOXIC mtrogen OXides under flre conwnons.
The combination of carbon Wlth mtrogen m a -CN group wlthm a cheffilcal molecule
suggests that highly tOXlC cyamdes may be generated m flres


Dry phosphorus may Ignite upon contact With arr and generate thick white smoke
containing phosphonc aCid and phosphorus pentoxlde. As noted earher, thiS smoke IS both
highly irritatmg and highly tOXIC.
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5.0 EXPLOSION HAZARDS OF CHEMICAL SUBSTANCES


i,;,
FLAMMABLE


5.1 DEFINITIONS


i
FlAMMABU


GAS~ ,
2'


~


NON·fLAMMABtE '
.;,' GAS'


The dIcttonary contalns two defmlttons of the word explode relevant to hazardous
matenals, these bemg


• To bum suddenly so that there is Vlolent expanslOn of hot gases With great
dIsrupttve force and a loud nOlse (m what is called a thermal explosion).


• To burst Vlolently as a result of pressure from Wlthm (m what is called a
non-thermal explosion).


The frrst defimtton clearly mvolves 19mtion and release of thermal energy from an
explosive matenal or IDlxture while the second does not In the followmg, we frrst dIscuss
the condIttons and factors that defme the potential for both thermal and non-thermal
exploslOns, follow With a dIscusslOn of how the effects of exploslOns can be measured, and
then dIscuss the vanous types of exploslOns WhiCh meet the above cntena and which may be
encountered m accidents mvolvmg hazardous matenals







5.2 FACTORS THAT INFLUENCE EXPLOSION POTENTIAL


Thermal Explosions


The defwtIons of lower and upper flammabIhty hInlts presented earher explaIned that
these terms are used mterchangeably WIth the terms lower and upper explOSIve hInlts m arr.
The reason for thIS is that a flammable IDlxture of a gaseous fuel m arr, 1 e , a Inlxture withm
the range of lower and upper flammable hImt concentratIons, may explode If Igmted under
appropnate conditIons. SIIID1arly, a cloud of combustIble dust may explode If arrborne
concentratIons are WIthIn these hInlts and the cloud IS confined


The set of condItIons under wmch explOSIOns of gases or vapors are most common
involves igmtIon WIthIn the confmed space of a buIldIng, sewer pIpe, tunnel, partIally empty
liqUId storage tank (on land or on a manne vessel), or other contaIner. Dust explOSIons have
frequently occurred m gram handlmg facilitIes and storage sIlos as well as other locatIons
where fine combustIble dusts are handled or generated.


It follows from the above that VIrtually all substances that are handled under condItIons
m WhICh fuel-arr mixtures are withm explOSIve or flammable hInlts and fill a sIgmficant
fractIon of an enclosed space have a hIgh probabIhty of explodmg rather than SImply burnmg
upon ignition. However, It must also be Ieahzed that gaseous Inlxtures may also explode at
times when only partIally confined or even If completely unconfined m an open enVIronment
These latter explOSIOns, referred to as unconfined vapor cloud explosions, often have far less
power than explOSIOns m confmement, and It has been observed that some substances have a
far greater probability of explodmg when unconfined than others Nevertheless, past events
have proven that unconfined explOSIOns can occaSIOnally cause devastatIng damage and
WIdespread injunes, especIally when the weIght of arrborne gas or vapor exceeds 1000 lbs
Below thIS weIght, unconfined vapor cloud explOSIons are qUIte rare and typICally mvolve a
relatIvely few specific matenals.


There also are many sohds and hqUIds whIch may explode or detonate If Igmted,
shocked, or subjected to heat or frictIon, dependIng on therr mdIvidual properties and
charactenstIcs. Some of the best known examples are TNT, dynamite, gunpowder, and
nitroglycenne whIch may be referred to at tImes as condensed-phase explOSIves or high
explosives DeterIIDnatIon of whether any partIcular lIqUId or solId may be explOSIve, and
the condItIons under WhICh It may explode, requIres mvestIgatIon on a case-by-case baSIS,
smce there IS no specIfic property or charactenstIc that sets explOSIves apart from other
matenals Fortunately, manufacturers of these matenals and hazardous matenal data bases
and gUIdebooks wIll usually hIghhght the explOSIve propertIes of such matenals


The power or strength of a thermal explOSIOn, however one WIshes to express It, is a
function of three pnmary factors:
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• The amount of fuel present that IS capable of explodmg


• The amount of energy available In this pomon of the fuel


• The fraction of the available energy (known as the yield) expected to be
released In the explOSIOn process.


In sImpler terms, It IS understandable that two sticks of dynamlte produce a larger blast
than one stick, that fuel-8.U' IDlXtureS above or below explOSIve hIDlt concentrations In 8.U'
may not give add1tIonal strength to an explOSIon, and that some substances contaIn more
energy per unit weight than others


Non-thermal Explosions


The most SImple type of non-thermal explOSIOn to understand IS that due to
overpressunzation of a sealed or Inadequately vented contamer of some sort. Much as a
balloon Wlll burst If too much 8.U' IS blown In, the walls of a sealed tank or other contamer
may rupture VIolently If too much gas or hqUld is forced In, If an Internal cheIDlcal reaction
produces exceSSIve gases or vapors, or If a reaction or other source of heat Increases the
internal vapor pressure of the contents to the POInt that the walls are "stretched" beyond their
breaking point. SInce ignition and flIe are not mvolved In the actual explOSIOn process, these
events are conSIdered non-thermal explOSIOns, although the contents of the contamer may
IgnIte subsequent to Its release If a SUitable IgnItiOn source IS present and the substance IS
flammable or combustible.


The strength of a non-thermal tank overpressunzation explOSIOn IS a functton of the
pressure at which the walls of the contamer burst and the nature of the walls (1 e , whether
they are brittle and will break suddenly Wlth a "snap" or are ductile and more hkely to stretch
and then spht or tear along some hne on the surface). If the tank contaInS gas under pressure,
the volume of the gas in the tank will also be tmportant.


A final note IS that non-thermal explOSIOns Involvmg compressed gases or vapors are
far more hkely to cause damage to d1stant objects than those InvolVIng hqUlds ThIs follows
from the defInltion of shock and blast waves presented below and the relatively Incompress
Ible nature of hquids.


5.3 MEASURES OF EXPWSION EFFECTS


When a fIrecracker or a stick of dynamite explodes, the Violence and speed of the
reactions takIng place produce what IS eIther referred to as a shock wave or a blast wave.
Technically speakIng, there IS a difference between these two terms, but we WIll treat them
rather Interchangeably here. EIther type of wave can be thought of as a thm shell of highly
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compressed air and/or hot gases that rapIdly expands In all drrectIons from the POint at WhICh
the explosion IS inItIated Such waves can move at velOCItIes exceedIng the speed of sound
in air, and, therefore, are capable of producing SOniC "booms," much lIke those assocIated
with supersoniC aircraft. TIns IS why sIgmficant explosIons produce a loud "bang"


The damage caused by a shock or blast wave stnkIng an object or a person IS a
complex functIon of many factors, and It IS well beyond the scope of thIS document to
attempt to descnbe all the complex interactIons Involved. Instead, we WIll simply refer to the
wave as a rapIdly expandIng shell of compressed gases The strength of the wave can then be
measured In Units of pressure (PSI, e g), and the effects of peak overpressures Within the
wave (I.e., the maxImum pressure In the wave In excess of normal atmosphenc pressure) can
be related to the level of property damage or personal Injury lIkely to result


Table 5.1 presents a list of peak overpressures and theIr expected effects on people and
property. It IS Important to note that peale overpressures In a shock or blast wave are hIghest
near the source of the explOSIon and decrease very rapIdly WIth dIstance from the explOSIon
site. AddItionally, It must be noted that the locatIon of the blast relatIve to nearby "reflectIng
surfaces It will influence the extent of damage Incurred. For example, pIcture an explOSIon
that takes place well above the surface of the ground. In thIS type of elevated or "free-m"
event, the sphencal shock wave has the opportunIty to travel and dISSIpate In all drrectIons
simultaneously. Conversely, If the same explOSIOn were to take place drrectly on the ground
surface, the major portlon of the energy released would only dISSIpate upwards and outwards
The ground surface would reflect most energy drrected downward, and the net result would
be a blast or shock wave WIth approxImately twIce the strength expandIng from a
hemi-sphencal shaped volume of space SItuated on the ground Hazard analySIS procedures
discussed in Chapter 12 and AppendIx B of thIS guIde and Incorporated Into the ARCHIE
Computer Program therefore conSIder the locatIon of an explOSIOn relatIve to the ground
surface. Not considered, however, are potentIal reflectIons from bUIlchng walls and other
surfaces that may cause actual damage patterns to be somewhat more erratIc than those
predicted by generalIzed hazard assessment methodolOgies for explOSIOn events


Beside personal injuries and property damage caused by drrect exposure to peak
overpressures, the blast or shock wave also has the potentIal to cause Indrrect Impacts. These
secondary effects of explOSIOns Include:


• FatalItIes or InJunes due to mISSIles, fragments, and envIronmental debns set In
motion by the explOSIOn or by the heat generated.


• Fatalities or InJunes due to forCIble movement of exposed people and theIr
subsequent Impact WIth ground surfaces, walls, or other statIonary objects
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TABLE 5.1
EXPLOSION OVERPRESSURE DAMAGE ESTIMATES


Overpressure'" Expected Damage
(pSlg)


003 OccasIOnal brealang of large wmdows already under stress


004 Loud nOise (143 dB), some boom glass faIlure


010 Breakage of small wmdows under stram


015 TypIcal pressure for glass faIlure


030 Some damage to house ceIlmgs, 10% wmdow glass breakage


040 LImIted mmor structural damage


050-10 Wmdows usually shattered, some wmdow frame damage


07 Mmor damage to house structures


10 Partial demolItion of houses, made ummhabitable


10-20 Corrugated metal panels faIl and buckle Housmg wood panels blown m


10-80 Range for slIght to senous mJunes due to skm lacemtIons from flymg glass and other mIsslles


13 Steel frame of clad bUIldmg slIghtly diStorted


20 Partial collapse of walls and roofs of houses


20-30 Non-reInforced concrete or cmder block walls shattered


23 Lower lImIt of senous structural dmnage


24-122 Range for 1-90% eardrum rupture mnong exposed populatIons


25 50% destructIon of home bnckwork


30 Steel frame bUlldlOg distorted and pulled away from foundatIon


30-40 Frmneless steel panel bUIlding rumed


40 Claddmg of lIght mdustnal buIldmgs ruptured


50 Wooded utIlIty poles snapped


50-70 Nearly complete destruction of houses


70 Loaded traIn cars overturned


70-80 8-12 m thIck non-remforced bnck faIl by shearmg of flexure


90 Loaded traIn box cars demoliShed


100 Probable total buIldmg destructIon


145-290 Range for 1-99% fatalItIes among exposed
populatIons due to drrect blast effects


*These are the peak pressures formed m excess of normal atrnosphenc pressure by blast and shock waves


Source Lees,F.P, ~Preventlon ill1bslprocess Industne8. Vol 1, Butterworths, London and Boston, 1980
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The most common inJunes due to lDlssl1es and the lIke are attnbutable to vlOlent glass
breakage and lID.pact of arrborne shards of glass WIth people. Fragments may mclude
portions of any container that explodes and pIeces of structures or equIpment that are torn
loose by the explosIon and become arrborne. EnVll'Onmental debns essentially covers all else
that may be forced out of place The entIre category can also be conSIdered to encompass
situations m which people are buned m the rubble of collapsed bmldmgs or other structures.


It is very important to realIze that a tank that BLEVEs or otherWIse ruptures vlOlently
may break up mto vanous fragments, one or more of whIch may be projected for
considerable distances PortIons of cylIndncal tanks have been known to lIterally "rocket"
into the air whIle spewmg forth burnmg lIqUIds and have caused fIres and Impact damages
upon falhng back to the ground.


Where raIlroad tankcars or hIghway tank vehIcles are at nsk, hazardous matenal
response guides have typICally suggested that a radius of one-half mlle be evacuated to
prevent mjuries from both fragment and thermal radiation hazards Recent mCIdents have
indicated, however, that mdIVIdual fragments may occaSIonally travel as far as 4000-5000
feet from a tankcar BLEVE, and It IS therefore prudent to evacuate to a radius of one mIle m
such cases, if thIs IS practical Smce ral1road tankcars carry 2-4 tImes as much cargo as
typical hIghway tank vehIcles, the one-half mlle radius IS probably suffICIent for major truck
aCCIdents, but thIs is not absolutely certam for all cases


The evacuation distances reqmred for smaller or larger tanks than typIcally
3,000-12,000 gallon hIghway vehIcles or 20,000-30,000 gallon capaCIty railroad tankcars
will vary somewhat WIth the quantity of hazardous matenal present, but not as much as one
might thInk. At the lower end of the scale, one major authonty suggests a 1500 ft evacuation
radIus for situations in whIch an ordmary gas cylInder IS mvolved m fIre. LImIted data for
explOSIons or BLEVEs mvolvmg major statIonary storage tanks do not mdIcate fragment
hazards beyond one mlle m the maJonty of known cases.


Where a tank or contaIner ruptures VIolently due to mternal overpressunzatIon,
fragment hazards are to some degree a function of whether the wall matenals are bnttle or
ductile. Brittle matenals (such as glass) may shatter mto many smaller pIeces Tanks or
containers made of ducttle matenals (such as most metals at or above relatively normal
temperatures) are more lIkely to splIt or tear mto a few large pIeces


FatalItIes or lnJunes due to forCIble movement of exposed people and thel! subsequent
impact with objects qmte hterally mvolves situatlOns m WhICh the shock or blast wave pushes
or picks up and throws bodIes agamst obstacles
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5.4 TYPES OF EXPLOSIONS


Many of the basIc types of explosIons have already been descnbed, but there are
benefits m hstmg them agam and prOVIdIng more formal defmltions of terms.


Container or Tank Overpressurization Explosions


As noted earher, these events are a result of exceSSIve pressure withm a sealed tank: or
other container and are deemed to be non-thermal explOSIons They occur when exceSSIve
pressure causes the walls of a tank: or contaIner to rupture VIOlently, much as a balloon
"pops" when too much arr IS blown m.


Dust Explosions


A cloud of combusnble dust that IS arrborne and has concentranons wlthm ItS upper
and lower explOSIve hmlts may explode when IgnIted ExplOSIons usually occur when the
dust fills most of an enclosed space of some land.


An earher dISCUSSIOn of fire hazards descnbed how non-explodIng clouds of dust m arr
may slmply bum In a dust cloud fire that can also be referred to as a deflagration It IS
lmportant to realIze that there IS no fme hne between a deflagranon and an explOSIOn, smce
deflagrations are also capable of producmg shock waves WIth measurable peak overpres
sures. It IS usually when these overpressures become SIgnIficant to the pomt of causmg
damage or mJury that the event IS called an explosion It IS when the shock or blast wave
moves at a velOCIty greater than the speed of sound under the condItions present, thus bemg
capable of causmg maXImum damage, that the event may be called a detonation


Gas or Vapor Explorions


As m the case of arrborne dusts, a gas or vapor withm flammable or explOSIve hmlt
concentrations may cause a deflagranon, explOSIon, or detonation upon IgmtIOn. These
events can occur when the fuel-aIr mlXture IS confmed, parnally confined, or completely
unconfined, but confinement of the mlxture most defimtely mcreases the probabIhty of
sIgmficant personal mJury or property damage Note that the gas or vapor may be dIrectly
released to the vulnerable enVIronment or may evolve from evaporating or boIlmg hqUlds
that have entered the area
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Condensed-Phase Explosions or Deto1Ultions


As noted above, when the substance that explodes or detonates IS a hquld or a sohd, the
event is often called a condensed-phase explosIon or detonation Those who use thIS term
may be prone to call events mvolvmg gases or vapors m arr as diffuse-phase or gas-phase
explosions or detonations.


Boiling LiquidExpanding Vapor Explosions (BLEVEs)


BLEVEs were descnbed m some detatl m the pnor section dtscussmg lIre hazards of
concern, where It was stated that they are not assocIated WIth strong shock or blast waves in
many cases. ObVIOusly, thIS also means that shock or blast waves WIth sufficient power to
cause injury or damage may mdeed occur at tImes.


Although some experts may dtsagree WIth the fine pomts of what IS being saId,
BLEVEs can also be descnbed as a combmatlon of other types of lIreS and explOSIOns.
Indeed, burstIng of a tank of hqUld or compressed hquefied gas due to overheating IS related
to tank or contamer overpressunzatlon explOSIOns. Subsequent Igmtlon of expandtng gases,
whIch may result m a large lIreball, can be thought of as resultIng m one type of gas or vapor
cloud deflagration.
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6.0 TOXICITY HAZARDS OF CHEMICAL SUBSTANCES


6.1 INTRODUCTION


Although hazardous matenals can pose both short-teon and possIbly long-teon
tOXIcological threats to terrestnal and aquatic wl1dhfe and plants, the Immediate concern
dunng slgmficant discharges is protection of human hfe and health Consequently, thIS
sectlon addresses the tOXICIty and tOXIC hazards posed to the pubhc by chetnlcal substances
It must be noted, however, that much of what will be presented can also be apphed to
understandIng tOXIcolOgical hazards to plants and ammals


6.2 ROUTES OF ENTRY


ToXIC matenals, be they sohds, hqUlds, or gases/vapors, can affect hvmg creatures VIa
three pnmary routes ofentry.


• Inhalation -- the process by which rrntants or tOXInS enter the body VIa the
lungs as a result of the respIratory process


• Ingestion -- the process of consummg contatnlnated food or water or
otherwIse peftnlttlng oral mtake of rrntants or tOXInS







• Direct contact WIth sIan or eyes -- the process by WhICh hazardous
matenals cause mjury to bocltly tIssues VIa dIrect contact 01 cause pOIson
mg Vla absorptIon through the sIan or other external tIssues Also mcluded
m thIs category IS the passage of tOXlC matenals mto the body VIa puncture
wounds or other breaks m the sIan


Inhalation exposures may result from breathmg gases vented from contaIners, vapors
generated from evaporatIng hqUlds (on land or m water), hqUld aerosols generated dunng
venting of pressurized hqUlds, fumes generated from spIlled aCIds, gases or fumes generated
by chemIcal reactIons, dusts that become arrborne due to an explOSIon or due to wmd forces,
the products of combusnon of a bummg hazardous matenal, or a vanety of other
mechamsms.


IngestIon (1 e., oral) exposures may follow from poor hygIene practIces after handlmg
of contamtnated matenals or from mgesnon of contamtnated food or water. IngestIOn may
also occur followmg InhalatIon of msoluble pamcles that become trapped m mucous
membranes and swallowed after bemg cleared from the respiratory tract


Direct contact may result from exposures to hazardous gases, hqUlds or sohds m the
environment, either on land, m the arr, or m water Effects may be local and mvolve
irritation or bums of the sIan or eyes or mvolve pOIsomng VIa absorptIOn through external
boddy tIssues.


The fact that a tOXlC chemIcal can cause harm by mhalatIon, mgesnon, or rrntatIon or
burning of the sIan or eyes IS probably well appreCIated by most people POIsonmg due to
absorpnon through external boddy tIssues, however, IS not as well known a hazard and
benefits from further explananon.


In simple terms, there are vanous speclfic gases, hqUlds, and even sohd matenals
which have the capability of passmg thIough the sIan or tissues of the eyes at vanous rates
upon contact. Those that are hIghly tOXlC and whIch penetrate the body rapIdly are the most
hazardous Those that penetrate slowly or whIch are of relatIvely low tOXICIty may require
long term contact WIth large parts of the body to cause slgmficant effects. Although some
materials may give some warnmg that contact has occurred by causmg some sort of bummg
sensation, others may give httle or no warmng to the VIctIm.


Whde on thIS tOpIC, It IS also worthwhIle to conSIder the commonly accepted meanmg
of phrases hke high toxicity and low toxicity When one speaks of a matenal that IS of hIgh
toxicity, It generally means that relanvely small quantInes may cause slgmficant health
effects upon mhalanon, mgesnon, and/or dIrect contact Conversely, a low tOXICIty substance
generally requIres larger amounts to be mhaled, mgested, or contacted for an equally
significant adverse health effect It IS therefore well to always remember that a large quantIty
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of a low toxicity matenal may present the same or greater toxic hazard to a commumty or
mdIvlduat than a much smaller quantity of a hIghly tOXlC matenal. It IS also necessary to
understand that the tOXlClty of a matenal IS only one of several factors to be conSidered m
determImng the tOXIC hazard posed by the matenal. These concepts are reiterated and
dIscussed m further detall m a later section.


6.3 TYPES OF TOXIC EFFECTS


Most tOXlC substances can be classlfied as nritants, asphyxiants, anesthetics and
narcotics, systemic poisons, sensitizers, carcmogens, mutagens, and/or teratogenic sub
stances. SystemIc pOisons may be further dIsaggregated mto the categones of hepatotoxIc
agents, nephrotoxic agents, neurotoxic agents, agents which act on the blood or hematopOiet
IC system, and agents which damage the lung.


Many of these terms may be unfamIhar because they are mostly used in the
med1cal/pubhc health commumty and among tOXlcologIsts. Fortunately, they need not all be
memonzed because most hazardous matenal data bases and guides, matenal safety data
sheets, and manufacturers' product bulletms generally "translate" the effects of tOXIC
matenals upon the body mto more common language. There are, however, certmn terms and
expressions that appear frequently and whIch can be helpful m understandIng the most
common effects of tOXlC matenals upon the body.


Irritants


Irntants are substances Wlth the ability to cause mflammatlon or chemIcal burns of the
eyes, skIn, nose, throat, lungs, and other tissues of the body m whIch they may come m
contact. Some substances such as strong acids (e g, sulfunc aCid, oleum, chlorosulfomc
acid, hydrochlonc aCid, hydrofluonc acid, or mtnc acid) may be imtatmg to the pomt of
bemg corrosive when concentrated, and may qUlckly cause second or thud degree chemIcal
burns upon contact With the sIan or eyes. Ifmhaled as a gas, vapor, fume, mIst, or dust, they
may cause severe lung mjury, and 1f ingested, can senously damage the mouth, throat,
stomach, and/or mtestmal tract. Yet other lmtants may have mllder effects and may only
cause reddenmg of the sIan or eyes after contact.


Some of the most common lmtants are organic solvents or hydrocarbon fuels which
can dissolve natural ol1s m the sIan and cause dermatitis. After repeated or prolonged
contact, these will dry the sIan to the pomt that It may become cracked, mflamed and
pOSSibly infected. These same materials often cause lmtatlon of the eyes and poSSibly loss
upon contact of the corneal eplthehum, a clear thm membrane that covers the surface of the
cornea. Although the effect IS temporary, since the eplthehum Wlll usually regrow m a few
days, some data sources may refer to the effect as a "corneal burn."
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Entry into the lungs of many hqUld hydrocarbons and some orgamc hqUlds that are
irritants may cause chenncal pneumonia or pneumonitis together With pulmo1Ulry edema
(filling of the lungs Wlth flUld), hemorrhage, and tissue necrosis (1 e., death of hvmg ttssue)
Since entry of liqUlds into the lungs usually mvolves aspiration when a VICttm who has
accidentally mgested the substance vonnts, the fIrst md mstructtons for such substances
typiCally recommend against mtenttonal mducement of vonnttng. They also are hkely to
mentIon that the effects of aspiratIon mto the lungs may not appear for several hours or even
days after the exposure has taken place


Asphyxiants


Simple asphyxiants are tYPICally non-toXlc gases that may cause mJury by mhalatton
only if they are present in alI m such hlgh concentratIons that they wsplace and exclude the
oxygen needed to maintmn conSClOusness and hfe A good example IS mtrogen, a gas that
makes up about 78% of the alI we breathe and whlch IS perfectly harmless at thIS level as a
component of air. Ifadwttonal mtrogen or another such Simple asphyxiant were added to the
air to the point that the normal oxygen concentratton of approXlmately 21 percent by volume
was sigmflcantly reduced, however, the Situation could become hfe-threatenmg Tables 6 1
and 6.2 illustrate the effects of oxygen depletIon on the body and the four stages of
asphYXiation.


Chemical asphyxiants are substances that m one way or another prevent the body from
using the oxygen It takes in and are often hlghly tOXIC substances. One claSSIC example IS
carbon monoxide whlch combmes Wlth and "tIes up" the component of blood (hemoglobm)
that transports oxygen from our lungs to other organs If too much of the hemoglobm
becomes unaval1able for carrymg oxygen, a person may pass out and eventually die Other
examples are among the fannly of cyanides (1 e , substances WhiCh have a -CN, carbon-mtro
gen, combinatIon m therr molecule and whlch somewhere m therr names have the word
"cyanide" or the letter combmatIons "cyan" or "nitrlle"). These act by mterfenng With the
actIon of the enzymes necessary for hvmg tIssues to use avmlable oxygen, thus resulttng m a
condition referred to as cyanosis.


Anesthetics and Narcotics


Numerous hydrocarbon and organiC compounds claSSified as hazardous matenals,
incluwng some alcohols, act on the body by depressing the central nervous system (CNS)
Early symptoms of exposure to these substances mclude wzzmess, drowsmess, weakness,
fatIgue, and mcoordInatIon. Severe exposures may lead to unconsclOusness, paralySiS of the
resprratory system, and pOSSIbly death
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TABLE 6.1
EFFECTS OF OXYGEN DEPLETION


Percent of Oxygen Symptoms
In Air


20 Nonnal


17 RespIranon volume mcreases, muscular coordmanon dummshes,
attennon and clear-thmlang requIres more effort


12 to 15 Shortness of breath, headache, d1zzmess, qUlckened pulse, efforts
fangue qUlckly, muscular coordmanon for sktlled movements lost


10 to 12 Nausea and vOmlnng, exertton ImpOSSIble, paralYSIS of monon


6to 8 Collapse and unconSCIOusness occurs.


60rbelow Death m 6 to 8 mmutes


Source Klmmerle, George, "Aspects and Methodology for the Evalunon of TOXIcological
Parameters Dunng FIfe Exposure," JFFICombustion Toxicology, Vol. 1, February,
1974


TABLE 6.2
FOUR STAGES OF ASPHYXIATION


1st Stage 21-14% oxygen by volume, mcreased pulse and breathmg rate WIth
d1sturbed muscular coord1nanon.


2nd Stage 14-10% oxygen by volume, faulty Judgment, rapId fangue, and
msensinVIty to pam


3rd Stage. 10-6% oxygen by volume,nausea and vOmlnng, collapse,and penna-
nent bram damage


4th Stage: Less than 6% by volume, convulsIOn, breathmg stopped, and death


Source Cryogemcs Safety Manual, Bntlsh Cryogemcs Councll, London, 1970
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Sensitizers


A few hazardous matenals are sensitizers and cause sensitization. What tlus means IS
that some people who are exposed to one of these matenals may not be abnormally affected
the first time, but may expenence slgmficant and possibly dangerous effects even m the
presence of very low levels of the contammant If ever exposed agam. In simple terms,
victims become extremely allergic to the matenal and possibly others of a stmllar nature


Other Types ofToxic Agents


• Hepatotoxic agents are matenals that cause hver damage


• Nephrotoxic agents are materials that cause ladney damage


• Neurotoxic agents are substances that m one way or another impact the
nervous system and possibly cause neurolOgical damage.


• Carcinogens are substances that may incite or produce cancer witlun some
part of the body.


• Mutagens can produce changes in the genetic material of cells.


• Teratogenic materials may have adverse effects on sperm, ova, and/or fetal
tissue.


Note: Besides the chemtcal asphyxtants descnbed above, there are other substances that m
one way or another act on the blood or the hematopOIetic system (I.e., bone marrow).
Inhalation of free slhca or asbestos over a penod of time can cause changes m lung tissue
with serious health consequences Yet other tOXiC substances also have unusual or umque
effects on human health.


6.4 ACUTE VS. CHRONIC HAZARDS


The majonty of mdustnes and many common dally activIties of hfe utlhze eqUIpment,
processes, and matenals that continuously or mtermtttently dtscharge tOXIC matenals mto the
occupational and/or natural enVIronment Some workers may be exposed to such matenals 8
hours per day, 5 days per week or so, over a large part of theIr careers. Sumlarly, the general
pubhc may be exposed to vanous contammants continuously or mtermtttently. Such
exposures are said to be of a chronic nature and usually but not always mvolve low
concentrations of contammants m arr, food, water, and/or SOIl.
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When a major accIdent or other rare event causes a slgmficant splIl or dIscharge of a
tOXlC matenal mto the envrronment, the general pubhc or nearby workers may be exposed to
relattvely hIgh levels of one or more tOXIC contammants unttl such ttme as they escape or are
rescued from contammated locattons or the contamlnant becomes dIluted below hazardous
levels. These short-term, rare exposures (m the sense there wlIl be long penods of ttme
between repeated exposures 1f they reoccur at all) are referred to as acute exposures Not all
acute exposures, of course, need mvolve hIgh concentrattons of tOXIC matenals A small splIl
or dIscharge may produce low levels of contammatton yet sttll be of an acute nature


To be noted IS that many cheIDlcals will not perSIst for long penods of ttme m the
envrronment, or at least m those parts of the envrronment of concern, whlIe others may
rematn present for weeks, months, or even years. The former matenals mclude substances
that may be dIgested by bactena (1 e, WhIch are biodegradable), substances that WIll undergo
VarIOUS reacttons WIth matenals m the envrronment that render them harmless, or those that
become so dIluted m arr or water that they no longer present a hazard Examples are SImple
alcohols that may be dIgested by bactena m solI or water much as humans dnnk and dIgest
alcoholic beverages, as well as volattle matenals WhICh evaporate and are swept away mto
the vast ocean of arr above us. Such matenals are unhkely to pose long-term chromc hazards
m the event of a major spIll or dIscharge m most cases Alternattvely, toxic substances whIch
are relattvely mert and whIch do not degrade, react, vaponze, or dIssolve freely may pose
health hazards for extended penods of ttme withm a lOCalIZed envrronment and may reqUITe
addItional plannmg to address long-term chronic exposure hazards to the pubhc Examples
mclude heavy metals and VarIOUS chlorinated hydrocarbons such as DDT, tnchloroethylene,
and PCBs


6.5 IMPORTANCE OF EXPOSURE LEVEL AND DURATION


In considenng the effects of tOXIC exposures, It IS necessary to understand that the
duratton of an exposure can be as tmportant as the level of exposure m determtmng the
outcome ThIS follows from the observattons that:


• The body has a capaCIty to cope Wlth the intake of many contamlnants at a
certatn rate Below a certatn threslwld rate of mtake or absorptton WhICh
can be counterbalanced by the body's ablhty to excrete or somehow convert
the contamlnant to a harmless substance, tOXIC effects may be IDlmmal or
non-eXlstent For example, note that arsemc IS commonly found m all
human bodtes at low levels. It IS only when the level exceeds the safe
threshold due to exceSSIve mtake that symptoms of tOXICIty become
apparent.
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• The rate at which a contannnant enters the body by Inhalanon IS a funcnon
of the concentranon of the contannnant In the arr beIng breathed, the rate of
breathIng, the length of tIme the body remaIns WIthIn a volume of
contaminated arr, and the specIfic propemes of the contannnant. HIgher
concentranons in arr ObVIOusly lead to hIgher rates of Intake or absorpnon
into bodIly nssues.


• The potennal for tOXIC effects VIa sIan absorpnon IS a funcnon of the
amount of tOXIC matenal that contacts the body, the propemes of the
material, and the length of tIme It IS permItted to remaIn In contact


• Toxic effects VIa Ingestion can also be a funcnon of the amount or rate of
Intake over a period of time. Small doses of certaIn pOIsons Ingested hours
or days apart may not be harmful, but talang the total amount all at once
may be deadly. Other pOIsons may accumulate In the body such that small
doses taken over time may bmldup to a fatal dose.


The reason that chronic exposure to low levels of tOXIC matenals commonly found In
the enVIronment does not often cause WIdespread health problems IS that the rate of Intake is
below the threshold at whtch health effects become apparent Conversely, major spIlls or
discharges of toxic matenals may pose a sIgmficant threat to publIc health because the
resulung contamInant concentrations In the local area may be so hIgh that only a moment or
two of exposure is suffiCIent to produce severe health problems due to an exceSSIve body
burden of contamination. Thts IS partlcularly true where large amounts of tOXIC gases or
vapors are released Into the arr. Relatively few members of the general publIc are ever
harmed by direct contact with toxic matenals, SInce most IndtvIduals have the common sense
not to touch or go walking through spilled chenncals and WIll cleanse themselves promptly If
such contact is made. Slmllarly, few people are likely to dnnk potennally contannnated
water or eat contannnated food once warned of the poSSIbility of contannnation Most at nsk
In such situations are emergency response personnel who enter contannnated areas WIthout
adequate personnel protective clothIng and respIratory deVIces In attempts to contaIn or
otherwise mitigate the Impacts of the spIll


6.6 TOXICITY VS. TOXIC HAZARD


The observations above naturally lead to a further dtscussIon of the dtfference between
the toxicity of a substance and the toxic hazard It poses to the publIc ThIS IS an extremely
important concept because matenals of htgh tOXICIty are often assumed to pose a severe tOXIC
hazard regardless of the other propemes of the matenal and the CIrcumstances surroundtng
its spillage.
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Imagtne a one ton dIscharge of two dIfferent matenals. The first IS an extremely toxIC,
non-volatIle sohd matenal that has spIlled m the middle of a street m a densely populated
metropohs. The matenalis so extremely tOXIC that only 10 pounds would be suffiCIent to lall
100,000 people by mgestIon if somehow introduced into their food m equal portIons. The
second dIscharge mvolves an overturned tank truck on the same street that has Just released a
very common compressed lIquefied gas that is consIdered to be of moderate tOXICIty. As It
bollS and vaponzes upon release, the ton of hqUld may become as much as 30,000 CUbIC feet
or more of pure gas If It were to mIX umformly With mr and happened to be deadly m very
short-term exposures at a concentratIon of 5,000 ppm m mr, the potentIally lethal cloud
spreadIng over the CIty would conceIvably have a total volume of 6 mlllIon CUbIC feet


On a stnctly weIght basIS, the sohd matenal may be many thousands of tImes more
tOXiC than the gas, but IS unlIkely to pOlson members of the publIc Just a short dIstance away
because It lacks mobIlIty Thus, the solId must be carefully handled and removed from the
scene, but actually poses a relatIvely low toxic hazard to the public AuthontIes may WIsh to
evacuate the ImmedIate splll area and cover the sohd WIth plastIc sheetIng to prevent any
dust from becommg mrborne untIl its careful recovery, but the nsk of fatalItIes among the
general publIc will be low m most cases.


The SItuatIon With the lower tOXiCIty lIquefied gas poses a greater tOXiC hazard because
the gas wIll qUIckly spread over downwmd areas. The gas may prove rapIdly fatal to people
near the spill site and cause toXIC effects among many hundreds or thousands of others In the
downwmd dIrectIon.


The moral of thIs story IS that the tOXiC hazard posed by a material IS not a sole
functIon of ItS tOXICIty. One must always conSIder the amount of matenal present or spIlled,
the propertIes of the substance, and the opportumty It has to affect the populatIon m Its
VlClmty.


6.7 RECOGNIZED EXPOSURE LIMITS FOR AIRBORNE CONTAMINANTS


It should be fmrly clear by thIs pomt that dIscharges of gases and vapors mto the
atmosphere generally pose greater tOXIC hazards to people than dIscharges of non-volatile
matenals As IS WIdely apprecIated, one of the key tasks m plannIng for hazardous matenals
emergenCIes Involves preparations for IdentIfyIng, notIfyIng, evacuatIng, sheltenng, or
otherwise protectIng populations that may be exposed to such gases and vapors


AchIevement of the above goal reqUIreS planmng personnel to select the mrborne
concentratIon In mr that can be tolerated by exposed populatIons whIle tOXiC vapors or gases
remaIn m the ImmedIate area, smce It IS thIs concentration that will determIne the boundaries
of the hazard zone. ThIs, m tum, reqUIreS knowledge of the source and nature of commonly
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available and accepted exposure htmts for arrbome contannnants as well as therr vanous
advantages and disadvantages for the mtended use Pnmary data sources to be conSIdered
include:


• ACGrn ThresholdLnmt Values (TLVs)


• OSHA Penmssible Exposure LimIts (PELs)


• AllIA Workplace Envrronmental Exposure Lnmts (WEELs)


• NIOSH ImmedIately Dangerous to LIfe or Health Levels (IDLHs)


• AllIA Emergency Response Plannmg GUldehnes (ERPGs)


• NAS/NRC Emergency Exposme Gmdance Levels (EEGLs) and Short-term
Public Emergency Gmdance Levels (SPEGLs)


ACGIHTLVs


The Amencan Conference of Governmental Industnal HygIemsts (ACGrn) formed a
colllIDlttee m 1941 to reView avmlable data on tOX1C compounds and to estabhsh exposure
hmits for employees workmg m the presence of arrbome tOXIC agents The c01ll1ll1ttee
continues to this day to pubhsh an annual hst of several hundred compounds and
recommended exposure htmts m a booklet utled Threshold Limit Values and Biological
Exposure Indices. CopIes of the latest edtuon were avmlable for $5 m late 1988 from the
ACOrn at 6500 Glenway Ave, BldgD-7, Cmcmnau, OhIO 45211 or (513) 661-7881.


The pnmary purpose of the exposure h1ll1ts adopted by the ACGrn 1S to protect healthy
male workers in chronic exposure sltuaUons and the ACGrn speclfically notes that "These
limits are not fine llnes between safe and dangerous concentrattons nor are they a relattve
zndex of toXlCZty, and should not be used by anyone untramed m the dzsczplme of zndustrzal
hygzene." Nevertheless, the Informauon proVldes valuable guIdeposts for Idenufymg expo
sure limits that Wlli usually be deCIdedly safe for short-term acute exposures


Exposure htmts estabhshed and pubhshed by the ACGrn are of several dIfferent types
and include:


• Threshold Limit Value - Time Weighted Average (TLV-TWA). The tIme
weIghted average concentraUon for a normal 8-hour workday and a 40-hour
workweek, to whIch nearly all workers may be repeatedly exposed, day
after day, Wlthout adverse effect
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• Threshold Limit Value-Short Term Exposure Limit (TLV-STEL) A
tIme-weIghted average concentratIon to whtch workers should not be
exposed for longer than 15 mmutes and WhICh should not be repeated more
than four urnes per day, WIth at least 60 mmutes between succeSSIve
exposures Thts lumt supplements the TLV-TWA where there are recog
mzed acute effects from a substance whose toXIC effects are primanly of a
chromc nature. STELs are recommended only where tOXIC effects have
been reported from hIgh short-term exposures m eIther humans or anImals


• Threshold Limit Value-Ceiling (TLV-C): The concentratIon m arr that
should not be exceeded dunng any part of the working exposure Cel1mg
hmtts may supplement other hmtts or stand alone.


In additIon to the above hmtts, the ACOrn occaSIOnally enters the notatIon "sIan" after
hsted substances. Thts notatIon mdIcates the potentIal for absorptIon of the substance
through the skin, eyes, or other membranes and the posslblhty that such absorptIon may
contnbute to the overall exposure. An exceSSIve amount of absorptIon may mvalldate any
TLV hmtt, a hIgh potentIal for drrect contact With the substance may suggest the need for
special protectIve measures.


For many of the matenals WIth an aSSIgned TLV-TWA, the Acorn could not find
suffiCient tOXIcological data to estabhsh a TLV-STEL For these substances, It recommends
"Short-term exposures should exceed three tzmes the TLV-TWAfor no more than a total of30
mznutes durzng a work day and under no czrcumstances should they exceed five tzmes the
TLV-TWA, provzded that the TLV-TWA zs not exceeded" for the 8-hour workday The
arrborne concentratIons denved from thiS recommendatIon are referred to as excursion
limits


OSHA PELs


The OccupatIonal Safety and Health AdmmtstratIon (OSHA) WIthtn the US Depart
ment of Labor IS responsIble for the adoptIon and enforcement of standards for safe and
healthful working conditIons for men and women employed m any busmess engaged m
commerce m the Umted States. When first estabhshed m the early 1970's, OSHA essentially
adopted the then current ACOrn TLV-TWAs and TLV-Cs as occupatIonal exposure hmtts
and made them offiCIal federal standards Instead of calhng the hmtts Threshold Ltmlt
Values, however, It referred to them as Permissible Exposure Limits (PELs) As m the case
of TLVs, there are both tIme-weIghted average (TWA) and cel1mg (C) values for vanous
matenals as well as occaSIOnal peak values for shorter tIme penods Whtle the ACOrn
reVIews and frequently reVIses Its TLVs on an annual baSIS, OSHA did not slmtlarly update
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Its PELs except for a relatively small number of mdIVldual substances until early 1989 when
it lowered the PELs for 212 Wldely used chemlcals, adopted new PELs for 164 substances
not previously regulated, and reaffIrmed the PELs for 52 matenals.


PELs are formally lIsted m TItle 29 of the Code of Federal Regulations (CFR), Part
1910, Subpart Z, General Industry Standards for TOXIC and Hazardous Substances An
inexpensIve and valuable source of current PELs and much other mformatlon on chemlcal
hazards is the NIOSH Pocket Guide to Chemical Hazards publIshed by the National
Institute for Occupational Safety and Health, a part of the U S Department of Health and
Human Services. When m stock, smgle copIes may be aVaIlable at no cost from NIOSH
PublIcations, 4676 ColumbIa Parkway, Cmcmnatl, Olio 45226 (Telephone' 513-533-8287)
Copies are otheIWlse aval1able at nOmlnal cost as DHHS (NIOSH) PublIcation No 85-114
from the Superintendent of Documents, U.S Government Pnntlng OffIce, Washmgton, D C
20402 or one of the many reglOnal branches of the GPO. Be adVISed, however, that It may
take some ttme for NIOSH to update the currently aVaIlable guIde WIth the new PELs


BeSIdes PELs and a Wlde vanety of other valuable Information, the pocket guIde
Includes the IDLH values descnbed below


AlBA WEELs


The Amencan Industnal HYgiene ASSOCIation (AIHA) has estabhshed a COmmIttee to
develop Workplace Environmental Exposure Levels (WEELs) for tOXIC agents whIch have
no current exposure guIdelInes estabhshed by other organIzationS Essentially, the COmmIt
tee IS attempting to estabhsh occupattonal exposure hmlts for matenals not addressed by the
ACGIH or OSHA but of Interest to vanous segments of Industry A separate guIde proVIdIng
documentation IS beIng prepared for each substance


There are two WEEL lImlts for most matenals The fIrst IS an 8-hour TWA value
simllar In concept to ACGrn TLV-TWA values. The second, whIch IS only aVaIlable In a
limited number of cases, IS a short-teim TWA for exposures of eIther 1- or 15-mmute
duration. As of October of 1988, WEELs were aVaIlable for 33 matenals Non-members
pnces were $5 for each IndIVIdual guIde and $125 for the entIre set (plus shIppmg and
handlmg).


The WEEL guIdes are aval1able flom AIHA PublIcauons, 475 Wolf Ledges Parkway,
Akron, Olio, 44311-1087 (Telephone' 216-762-7294) A pnce lIst and order form are
aVaIlable at no charge
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NIOSHIDLHs


NIOSH defines Immediately Dangerous to Life or Health (IDLH) levels as the
maxnnum arrborne contamInant concentranons "from whzch one could escape wzthzn 30
mznutes wzthout any escape-zmpazrzng symptoms or any irreverszble health effects" Not
surpnsingly, glVen that these hInlts are for 30-Imnute exposures under what are essentIally
emergency conmnons, IDill values generally far exceed correspond1ng TLVs or PELs
They are aval1able in the pocket guIde referenced above for most substances currently
regulated by OSHA.


NASINRC EEGLs and SPEGLs


The Committee on TOXIcology of the Nanonal Research Councll (NRC), an operanng
arm of the Nanonal Academy of SCIences (NAS), has pubhshed a hst of Emergency
Exposure Guidance Limits (BEGLs) and Short-term Public Emergency Guidance Levels
(SPEGLs) as guidance m advance plannmg for the management of emergenCIes. Although
the COmImttee has been admng toxic substances to the hst on a penodlc baSIS, the careful
attennon to detaIl and thoroughness of ItS work has resulted m EEGLs bemg established for
relatively few matenals to date. Table 6.3 hsts those avatlable as of late 1988.


SPEGLs are concentranons whose occurrence IS expected to be rare m the hfetnne of
anyone mmvidual. These values, of which there are only four m the table, "reflect an
acceptance of the statzstzcallzkelzhood ofa nonzncapacztatzng reverszble effect zn an exposed
population whzle aVOldzng szgnificant decrements zn performance". They are concentrations
conSidered acceptable for pubhc exposures durmg emergenCIes


EEGLs mffer from SPEGLs m that they are intended to apply to defmed occupanonal
groups such as Imhtary or space personnel rather than the general pubhc Because these
groups are typIcally younger and healthier, the EEGL for any pamcular substance may mffer
substannally from the SPEGL.


Further mformanon on these exposure hImts and levels may be obtaIned by wnnng the
Nanonal Academy of SCIences, COmmlttee on TOXicology, 2101 Consntunon Avenue,
Washmgton, D.C, 20418 to the attennon of Dr. Bakshl Note that the COmImttee plans to
have completed work on trIchloroethylene and hthIum chromate by early 1989 If not sooner.


AIHAERPGs


Several major cheInlcal companIes fonned a task force m 1986 to develop Emergency
Response Planning Guidelines (BRPG) values for selected tOXIC matenals The results of
therr Jomt efforts are bemg pubhshed by the AllIA and are aVaIlable from the pubhcanon
office CIted earlIer As of late 1988, gUldehnes had been completed for 10 substances
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TABLE 6.3
SUMMARY OF EMERGENCY EXPOSURE GUIDANCE LEVELS


FROM THE NATIONAL RESEARCH COUNCIL


Chemical 60-Minute EEGL Chemical 60-Minute EEGL
(ppm) (ppm)


Acetone 8,500 I DlcWorofluoromethane 100
I (Freon-21)


Acrolein 0.05
,


DlcWorotetrafluoromethane 10,000
I (Freon-114)


AlUmInum OXide 15mglm3 1,1-Dlmethylhydrazme 024*


Ammoma 100 I Ethanolamme 50


Arsme 1.0 Ethylene OXide 20 (proposed)


Benzene 1000 (proposed) Ethylene glycol 40


Bromotnfluoromethane 25,000 Fluonne 7.5


Carbon wsulfide 50 Hydrazme 012


Carbon monoXide 400 Hydrogen cWonde 20


Chlonne 3 Hydrogen cWonde 1*


CWonne tnfluonde 1 Hydrogen sulfide 10 (24 hr)


CWoroform 100 Isopropyl alcohol 400


DlcWorod1fluoromethane 10,000 LIthIUm bromIde 15mg/m3


(Freon-12)


Note· Umts m parts per millIon by volume m arr unless otherwIse stated.
*SPEGL (Short-term Pubhc Emergency Guidance Levels)
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TABLE 6.3 (Continued)
SUMMARY OF EMERGENCY EXPOSURE GUIDANCE LEVELS


FROM THE NATIONAL RESEARCH COUNCIL


Chemical 60-Minute EEGL Chemical 60-Minute EEGL
(ppm) (ppm)


Mercury vapor o2 mg/m3 (24 hr) Sodtum Hydroxide 2mg/m3


Methane 5,000 (24 hr) Sulfur wOXlde 10


Methanol 200 Sulfurlc aCid 1 mg/m3


Monomethyl hydrazme 024* Toluene 200


Nitrogen dioxide 1* Tnchlorofluoromethane 1,500
(Freon-H)


Nitrous oXlde 10,000 Tnchlorotrlfluoroethane 1,500
(Freon-113)


Ozone 1 Vmyhdene chlonde 10 (24 hr)


Phosgene 02 Xylene 200


Note: Units m parts per mdhon by volume m arr unless otherwtse stated
*SPEGL (Short-term Pubhc Emergency GUidance Levels)
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including ammonia, chlonne, chloroacetyl chlonde, chloroplcnn, crotonaldehyde, chketene,
formaldelhyde, hydrogen fluoride, perfluoroisobutylene, and phosphorous pentoxide. Pub
lished in two sets of five, the first set costs $7 while the second IS pnced at $11.


As in the case of NAS/NRC efforts, the task force is attempting to def'me toxic
exposure limlts sUitable for use m advance plannmg for emergencies. It ultimately wishes,
however, to address a much greater number of chemIcals than those conSidered to date by the
NAS/NRC.


The task force mtends to estabhsh thlee hmtts for each matenal, these bemg:


• ERPG-3: The maxtmum arrborne concentration below ",Inch, It IS be
lieved, nearly all mdlVlduals could be exposed for up to one hour WithOUt
experiencmg or developing hfe threatenmg health effects.


• ERPG-2: The maxtmum arrborne concentration below which, It IS be
lieved, nearly all mdlviduals could be exposed for up to one hour with out
experiencmg or developmg Irreversible adverse or other senous health
effects or symptoms whIch could Imparr an mdlvldual's ablhty to take
protective action. TIns partlcular limlt is bemg developed usmg cntena
simihar to those apphed by the NAS/NRC.


• ERPG-l: The maxtmum anborne concentration to which nearly all
individuals could be exposed for up to one hour Without experiencing or
developmg health effects more severe than sensory perception or mIld
tmtation, If relevant.


6.8 ADVANTAGES AND DISADVANTAGES OF VARIOUS LIMITS


A key problem of usmg TLV, PEL, or WEEL values m the course of evacuation
planning or hazard assessment IS that they are intended for use in the occupattonal
environment where presumably healthy workers are exposed to concentrations near these
hmits day after day throughout therr careers ThiS, and the desrre to prevent health effects
associated with both acute and clrromc exposures, means that these values are often (but not
always) much lower than what they need be to protect the pubhc from exposures associated
with rare or Infrequent spills of bnef duration. Consequently, use of a TLV, PEL, or WEEL
value, although decidedly safe m the vast maJonty of cases, could conceivably result m major
overpred1ctlon of downwmd evacuation or hazard zones m many situations Key excepttons
involve matenals such as chlorine, aCids, caustics, and other generally corrosive matenals for
which limits are based on lITltant rathel than tOXIC effects and for which apphed safety
factors may be minImal.
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NIaSH IDLH hnnts are consIderably hIgher, are deImed for an exposure duratIon
closer to what would be expected m many actual short-term spIll emergencIes, and are closer
to the borderhne between levels that are barely tolerable and those that may cause sIgmficant
mJury The problem IS that "barely tolerable" contannnant concentrations may have the
potentIal to cause consIderable rrntatIon or other distress, possIbly to the pomt of promptIng
large numbers of people to seek medIcal aSSIstance. Also, smce NIaSH IS agam assunnng
that healthy workers are bemg exposed, IDLH concentratIons may have the potentIal to cause
sIgmficant mJury to young chIldren, the elderly, or mdIVIduals WIth preeXIstIng health
problems. Consequently, It IS apparent that a safety factor must be apphed If the IDLH IS
used m any way for protectIon of the general pubhc, especIally If exposures exceed 30
nnnutes in duratIon


The NAS/NRC SPEGLSs and AIHA ERPG-2 values are pOSSIbly the best chOIce
among currently avaIlable gmdelmes for protectIon of the pubhc dunng relatIvely short-term
events gIven the objectIves of theIr respectIve developers. Unfortunately, only a small
number of hazardous matenals have been addressed to date.


Overall, the above dIScussIon nnght seem to suggest there IS no WIdely accepted
method avaIlable for selectIon of an appropnate exposure hnnt for general populatIons
subjected to tOXIC vapors or gases, partIcularly where the exposure linnt IS to be used for
pubhc emergency plannmg purposes That IS mdeed (and unfortunately) an accurate
appr81sal of the current SItuatIon. So what should you do? Some optlons, m order of
decreasmg preference, and by no means mandatory for use, are as follows:


• Use the NAS/NRC SPEGL or the AIHA ERPG-2 value for the matenalIf
one has been estabhshed


• Consult a toxIcologIst or sinnlarly qualIfied mdiVIdual for adVIce based on
a formal reVIew of the tOXICIty of the matenal of concern


• Use the hIghest value among the followmg:


IDLH value dIVIded by 10 (WIth "10" bemg a safety factor)
TLV-STEL
TLV-TWA multIphed by 3 (If a TLV-STEL does not eXIst)
TLV-C


• If the evacuatIon of addItIonal areas IS not a problem, or the exposure may be
prolonged beyond one hour, use the TLV-TWA or the TLV-C value or apply an
addItIonal safety factor to other selectIons
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The above suggestions should not be consIdered more than rough gUldelmes that wIll
generally lead to an adequately "safe" answer for most members of a commumty. There IS,
however, one more problem to consIder.


The chronic exposure limIts for substances known or suspected to be carcmogens are
usually set at very low levels to protect workers from developmg cancer dunng therr
lifetimes. Such values are generally many tImes (poSSIbly several hundred times) lower than
the limIts enforced for the same matenals pnor to the dIscovery of a potential cancer threat.
For example, the TLV-TWA for vmyl chlonde IS now 5 ppm whereas It was 200 ppm for
many years, yet even 200 ppm IS well below any concentration causmg observable health
effects m short-term acute exposures. ObVIously, the size of the evacuation or hazard zone
for a 5 ppm hmIt would be many tImes larger than a zone WIth boundanes of 200 ppm. The
difference m the numbers of people that may require evacuation or other protective action
may dIffer by thousands ifnot tens of thousands m urban areas.


There is no hard eVIdence that a smgle exposure to a substance such as VInyl chlonde
WIl1 cause excess cancers m a population of exposed humans However, some SCIentists are
of the opmion that any exposure mIght lead to at least a mmor mcreased nsk of such cancers,
and this behef poses a dIlemma durmg planmng for evacuations, especIally gIven the pubhc
fears that may naturally accompany the announcement that a cancer-causmg agent has been
released into the atmosphere It IS thelefore necessary for government and mdustry to
consider cases mvolvmg carcmogens carefully and on a case-by-case baSIS, gIvmg full
attention to the safety Issues involvmg large-scale evacuations as well as the potentIal
long-term health, pohtical, and legal ImphcatIons of therr decISIons.


6.9 RELATIONSHIP OF RECOMMENDATIONS TO EPA WCs


Under the Superfund Amendments and Reauthonzatton (SARA) Act of 1986, the U S
Environmental ProtectIon Agency (EPA) estabhshed a hst of several hundred Extremely
Hazardous Substances (ERS) subject to emergency plannmg, commumty nght-to-know,
hazardous emISSIOnS reportmg, and emergency notIficatIon requrrements. In prOVIdIng
guidance to plannmg personnel for screemng and pnontlzmg threats posed by EHS, the EPA
made a first attempt at specIfymg what It termed Levels of Concern (LOCs) for these
substances, essentIally adoptIng portIons of the approach recommended above.


For the 390 or so substances for whIch NIOSH has establIshed IDLH levels, the EPA
set LOCs to one-tenth of avaIlable IDLHs untIl such tIme as mdustry and government
develop more appropnate exposure lmllts for protectIon of the publIc dunng epIsodIC
short-term emergenCIes For substances for whIch IDLHs had not been establIshed, the EPA
developed a hIghly apprOXImate procedure to estImate LOCs comparable to IDLHs
Essentially, IDLHs were esttmated for new substances VIa use of data obtaIned from
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laboratory expenments involving acute exposures of ammals to tOXIC substances. Inhalation
data were used m preference to data for other routes of exposure when available, but data for
other routes of exposure were indeed used when necessary The followmg equations were
then applied to convert available data to arrborne concentrations presumably comparable to
IDLHs.


1) Esnmated IDLH = LCso X0.1
2) Estimated IDLH = LCLo
3) Estimated IDLH = LDso x 0.01
4) EstimatedIDLH = LDLoxO.1


The abbreviations used above for lethal concentranons and dosages are defmed and
descnbed m SectIon 6.12 of this chapter. Please note that the above dIscussion only provides
a general overview of the EPA's general approach and should not be applied m an
indIscriminate fashion.


6.10 CONSIDERATION OF MIXTURES OF HARMFUL GASES AND VAPORS


Preceding discussions have focused on relatively pure substances. As is well appreciat
ed, however, many materials handled by industry are multi-component mixtures. It IS well
therefore to discuss how to determme appropriate toxic limits for DllXtureS via a review of
tradznonal guidance found in the hterature.


The ACOIH, in an appendIx to Its TLV booklet, reports that one of the frrst tasks in
looking at mixtures is a determination of whether mIXture components have additive or
independent effects on the human body. In other words, when two or more toxic agents in a
mIXture act upon the same organ system, It IS therr combmed or addInve effect rather than
their individual effects that should be given pnmary conslderanon, and mdeed, thiS IS the
preferred approach in the absence of speCIfic informatIon to the contrary. Where tOXicolOgi
cal data fIrmly support a fmdIng that the chief effects of the dIfferent substances are not in
fact additive (in the sense that they produce purely local effects or affect dIfferent organs of
the body), it is only then acceptable to assume that adverse effects are mdependent.


Where effects are evaluated as bemg addlnve, the ACOIH suggests that the sum of the
following fraction be computed:
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where: Cn mdIcates the measured or predIcted atmosphenc concentratton, Tn
indicates the correspondmg tOXIC IImlt m the same UnIts as Cn' and
there are "n" number of tOXIC substances m the nnxture.


When the Sum of the fracttons equals 1.0 or less, then the vapor nnxture IS conSIdered
to be at or below the tOXIC hnnt In those cases where all components of a nnxture are
deemed to produce mdependent effects, the tOXIC hnnt IS conSIdered to be exceeded only
when one or more of the mdIVldual Cnl Tn fracttons has a value greater than one.


To be noted IS that synergistic acttOl1 or potentiation may occur WIth some combma
tions of toxic agents: these bemg cases m which the combmed effect of the nnxture actually
exceeds the impact mdIcated by assumptton of addIttve effects Such cases, WhICh are
fortunately rather rare, must be conSIdered on a case-by-case baSIS.


When the source of arrborne contammatton IS a liqUId mIxture, the Acorn suggests (to
its typical audIence of mdustnal hYgienIsts and other occupational health personnel) that the
compositton of the arrborne mIXture be assumed sInnlar to the COmpOSItion of the ongmal
liquid mIXture. In effect, thIs results m the further assumptton that all components of the
mixture wI1l evaporate at a constant rate m dIrect proportIon to theIr concentratlon m the
liquid mixture. The assumption has ment when one m mterested m evaluatIon of a relatIvely
long-term tIme-weIghted average exposure resultlng from a mIXture that WIll eventually
evaporate in its entirety, but has severe hnntatlons when applIed to the assessment of acute
exposures resulting from aCCIdental and epISodIc events. It IS well, nevertheless, to present
the ACOrn's general methodology for estImating the tOXIC lImIt of a lIqUId mIxture of thIS
type, thIs being:


Toxic Linnt (llllXture) =F ;
0


F.
1 2 "


C+r_···C
1 "'2 "


where: Fn mdIcates the weIght fracttons of mdIvidual components m the lIqUId
mIXture, and Cn mdIcates the correspondIng tOXIC hnnts m UnIts of mg/m3•


A more formal approach to deternnmng the arrborne mIxture tOXIC lInnt for evaporat
ing or boIhng pools of lIqUId reqUIres conSIderation of vapor-eqUIhbnum factors beyond the
scope of thIs text. Nevertheless, where needs for a more preCIse lInnt are cntIcal, It IS
desirable to apply more sophIstIcated analyttcal procedures to evaluate vapor compoSItIons
above hquid mIXtures or to make dIrect measurements of representatIve samples The
procedures for such efforts are well WIthIn the state of the art of engmeenng practIce and
entaIl fundamental prmcipies of thermodynanncs
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6.11 EXPOSURE UMITS FOR CONTAMINATED WATER


The U.S. EnvIronmental Protection Agency (EPA) has estabhshed or recommended
water quality cntena for a vanety of water uses and a relatively large number of cheffilcals.
AdVice from theIr personnel as to what concentrations of any particular cheffilcal are
tolerable m any given situation may be aval1able with only a telephone call to one of the
EPA's 10 regional offices


Among the vanous standards and gUldehnes developed by the EPA for protection of
water quality are:


• National Dnnkmg Water Standards The maximum contamtnant levels
(MCLs) for selected heavy metals, pesticides, radtoactlve substances, and
other water quality charactensncs permttted by law m water destined for
human consumpnon Listed m Parts 141 and 143 of Title 40 of the Code of
Federal Regulations (CFR).


• Dnnkmg Water Health Advisones (HAs) -- prevIOusly called Suggested No
Adverse Response Levels (SNARLS): Human health effects adVlsones for
unregulated dnnkmg water contamtnants commonly found m potable water
supphes. HAs are somewhat umque m that they proVlde guidance for
short-term exposure as well as the long-term chromc exposures typically of
mterest to the EPA.


• MaXimum Contamtnant Level Goals (MCLGs) -- formerly known as
Recommended Maxlmum Contamtnant Levels (RMCLs). Pubhshed m the
Federal Register of June 12, 1984, the EPA proposed zero contamtnatlon
hmtts for SIX halogenated hydrocarbons and benzene. Low levels of
contamtnanon were permttted for two other halogenated hydrocarbons (1 e ,
1,1,1-tnchloroethane and 1,4-dtchlorobenzene) MCLGs were recently
proposed for several addttlonal contamtnants.


• Federal Water QUality Cntena Cntena for acute and chromc exposure of
freshwater and saltwater aquatic hfe and human health based on long-term
consumpnon of drinkmg water and contamtnated fish or shellfish. Aval1
able for a relatively long hst of substances.


Splils of tOXIC matenals mto a body of surface water differ from dtscharges of tOXiC
vapors or gases mto the arr m that a large number of people are unhkely to suffer tOXiC
effects before authonnes have a chance to restnct water use Indeed, response planmng for
the splil of any hazardous matenal mto water more typically mvolves preparations to:
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• Alert proper state and federal authontles.


• Warn pubhc, mdustnal, agncultural, and recreational users of the water on
as prompt a basIs as poSSible of the contamlnatlon


• Attempt to hmlt the degree of contamination or the amount of water
affected.


• Attempt to remove as much of the contammattng substance as pOSSible
from the water (poSSibly employmg a contractor With speCialized expertise
and equipment).


• Analyze the water to determine the extent of contammatlon.


• Consult with proper authonties as to whether the water IS fit for use or
whether other remedial actions are first necessary; and


• Prepare for the eventuality that a particular water supply may become
unavailable for use for a time.


6.12 UNDERSTANDING TOXICOLOGICAL DATA IN THE UTERATURE


Toxicologists have a number of "short-hand" methods of expressing the tOXICity of
hazardous matenals by various routes of entry. An understanding of some of the more
common abbreviations used can lead to a greater understanding of how the toxicities of
various materials can be assessed, particularly when these abbreViations are encountered m
hazardous matenal data bases or the safety related hterature of chemical manufacturers that
address the effects of acute exposures.


The easiest way to learn the abbreviations IS to look at a few examples and then discuss
their meaning:


• The orl rat ID50 for Chemical A is 200 mg/kg.


• The ihl LC50 for the mus or gpg IS 800 ppm/4 hrs The TCLo IS 100 ppm/4
hrs.


• The rbt skn LD67 IS 50 mg/kg.


LD in the above examples IS an abbreVIation for lethal dose whtle LC stands for lethal
concentration. TC is short for toxic concentration whtle TO means toxic dose. There are
other similar abbreviations but these are by far the most common.
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Each of the LD or LC notanons are followed by a number that is usually a subscnpt A
"50" means that 50% of the test populanon of ammals were ktlled under stated test
conchnons~ a "67" means 67% were kIlled and so forth. The letters "Lo" mstead of a number
mean thIS IS the lowest reported level havmg the stated effect


In order for one of the above notanons to have meanmg, both the species of animal
tested and the route of entry must be speclfied. TYPICal abbrevlanons are:


Species of Animal Route of Entry


Rat = rat Oral = orl


Mouse = mus Skin application = skn


Guinea pig = gpg Inhalation = ihl


Rabbit = rbt


Human=hmn


Mammal=mam


Monkey = mky


Both oral and skIn apphcanon dosages are typically expressed m umts of IDllhgrams of
chemlCal apphed per lalogram of the animal's body welght~ or mglkg for short The actual
total amount of a tOXIC matenal necessary to cause the stated effect IS detefIDlned by
mulnplymg the dose m umts of mg/kg by the weight of the anlmal species expressed m umts
of kIlograms (1 kg = approxlmately 2 2lb).


Inhalanon data must mclude the concentranon m arr to wmch the anlmal species was
subjected as well as the duranon of exposure. Concentranons m arr are typically expressed m
umts of ppm (by volume) or mg/m3 Tlmes are typiCally given m IDlnutes or hours Be
advised that any airborne concentration not accompanied by an indication of the duration
of exposure should be considered a useless and thoroughly meaningless item of informa
tion


One of the most comprehensive compl1anons of toxicological data IS a muln-volume
set of documents ntled Registry of Toxic Effects of Chemical Substances The 1985-1986
echnon, pubhshed m Apnl1987, IS avmlable for a cost close to $100 from the Supenntendent
of Documents~U.S Government Pnnnng Office~ Washlngton~D C ~ 20402~ or one of the
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many regional offices of the GPO, as Stock No 17-33-00431-5. Developed Jomtly by the
U.S. Public Health ServIce, Centers for DIsease Control and NIOSH, the set is also hsted as
DHHS (NIOSH) Pubhcatton No. 87-114.


6-24







7.0 REACTIVITY HAZARDS OF CHEMICAL SUBSTANCES


7.1 INTRODUCTION


It has up to thIS pomt been assumed that the hazardous matenals bemg dIscharged or
spilled do not m any way react WIth or chemIcally transform due to contact WIth water, aIr,


other common matenals m the enVIronment, or other chemIcals that may be present m the
VICInlty It has also assumed that these matenals are not self-reactive under condItIons that
may be encountered. Although the overall topIC of chemIcal reactIvIty hazards IS extremely
complex, it IS necessary to at least bnefly outlme some of the more common and/or
dangerous types of reactIons and how they may pose a threat to nearby populatIons WIth
due apolOgIes to chemIsts, chemical engmeers, and others WIth a knowledge of these tOpICS,
It IS acknowledged that some hberttes are taken in thIs process to ensure that vanous
concepts are more easily understood by non-technIcal audIences.


7.2 EXOTHERMIC REACTIONS


When one substance IS brought together or mIXed WIth another and the resultIng
mteractlon evolves or generates heat, the process IS referred to as an exothermic reaction.
Alternatively, If no reactIon WIll take place unless heat IS conttnuously added to the
combmatIon of reactants, the mteracuon resultIng from the prOVISIon of heat IS called an
endothermic reaction. However, It IS Important to understand that some exothermIc
reactions may reqUIre heattng Just to get started, and wIll then proceed on theIr own







Exothermic reactIons pose specIal hazards whether occurnng m the open envrronment
or within a closed container. In the open, the heat evolved will rmse the temperature of the
reactants, of any products of the reactIon, and of surroundIng matenals. Smce several
propemes of all substances are a functIon of temperature, the resultIng hIgher temperatures
may affect how the matenals mvolved may behave m the envrronment. Of key Importance IS
the reallzation that heat will mcrease the vapor pressures of hazardous matenals and the rate
at which they vaporize. If very hIgh temperatures are achIeved, nearby combustlble
materials may Ignite. ExplosIve matenals, be they the reactants or products of the reactIon,
may explode upon ignition or exceSSIve heatIng


Simllar hazards are associated Wlth exothefffilc reactIons takmg place m closed
containers. In thIs case, however, mcreasmg mternal temperatures as well as the evolutIon of
gases from the reactIon may mcrease internal pressures to the pomt that the tank or contmner
ruptures Vlolently m an overpressunzatIon explosIon, thus suddenly releasmg large amounts
of pOSSIbly flammable and/or tOXIC gases or vapors mto the atmosphere Such gases or
vapors may also be released through ruptured pIpes, opened pressure rellef deVIces, or any
other paths to the external envrronment


Reactions with Water orAir


Some of the most baSIC types of exothefffilc reactIons (whIch are barely "reactIons" m
the true sense of the term) occur when certam matenals are dIssolved m water Such
substances have what IS called a posltlve heat of solution. They do not transform to a
different matenal, but simply generate heat whl1e ffilxmg Some examples are sodIum
hydroxide (also called caustic soda) and SulfUflC aCId, whlch generates conSIderable heat to
the point of causing some degree of "Vlolence" when concentrated or pure matenals are
spilled mto water. Yet other matenals may igmte, evolve flammable gases, or otherwIse
react violently when m contact Wlth water. Knowledge of the reactIVIty of any substance
with water is especIally important when water IS present m the spill area or a frre takes place
and frrefighters do not Wlsh to make the SItuatIon worse by applymg water to the flames or
chemicals.


While discussmg such substances, It IS well to add that several of the strong aCIds and
related substances m thIs category of matenals may evolve large amounts of fumes when m
contact Wlth water or mOIsture m the arr. These fumes, WhICh may conSIst of a ffilxture of
fine droplets of aCId m arr and aCId vapors, are usually hlghly rrntatIng, corrOSIve, and
heavier than air.


Many substances referred to as bemg pyrophoric will react Vlolently or exothefffilcally
with air and are hkely to 19mte m a spontaneous fashIon. Such substances (such as
phosphorus) are commonly transported or stored m a manner that prevents exposure to arr,
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often submerged m water or some type of compatIble oll. Note that the fact that a substance
can be safely stored under water m no way suggests that 1t may also be safely submerged m
oll. Nor may submersIOn m water be safe for a substance usually mamtamed under some
type ofoll.


Reactions with Combustible Organic Materials


Certmn chemicals are known as strong oxidizing agents or oxidizers. They have the
common charactensttc of bemg able to decompose or oX1dize organ1c matenals and react
with a variety of morgamc materials whlle generatIng heat, oxygen, flammable gases, and
poss1bly tOXlC gases. If the heat generated 1S suffic1ent to 19nite a combusttble or flammable
material, a fire or explosion may occur.


Another group of chemicals are referred to as strong reducing agents. These
substances may evolve hydrogen upon reaction with many other chemicals, may evolve other
flammable or tOX1C gases, and hke oxidizmg agents, may generate heat. As above, a fire or
explos10n may result 1f suffic1ent heat 1S generated to 19n1te a combustIble or flammable
substance Strong reducing agents and oXldizing agents should never be allowed to make
contact without appropnate safeguards smce they represent opposite extremes of chemical
reaCtIVlty.


Exothermic Polymerization Reactions


A few of the more common plasttcs m use on a Wldespread bas1s are polyethylene,
polypropylene, polystyrene, and polyvmyl chlonde (PVC). Although all are manufactured
from hqUlds or gases, they are typ1Cally sohds m therr final form


The above plasttcs are respectively manufactured from ethylene, propylene, styrene,
and vmyl chlonde by means of a polymerization reactIon m whlch molecules of these
matenals are hnked together mto long chams of molecules. As the chams become longer and
begm connecttng to each other, thus greatly mcreasmg the molecular weight of mdividual
molecules, a sohd plasttc 1S formed


Some chemicals capable of bemg polymenzed have a strong tendency to do so even
under normal amb1ent conditIons and are espec1ally prone to polymenze 1f heated above a
certam temperature or 1f contaminated by a catalyst or polymerization initiator, whlch m
some cases might be a rather common substance such as water or rust. Once polymenzatton
starts, an exothermlc chmn reactIon may occur that develops hlgh temperatures and pressures
w1thm containers and whlch can lead to poss1ble explOSIOn or Vlolent rupture of the container
and/or discharge of flammable and/or tOX1C gases if safety and control systems malfunction
or are lackmg The mC1dent m Bhopal, India pamally mvolved thls type of reactIon when a
contamer of methyl1socyanate contamlnated w1th water and chloroform began polymerizing.
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The heat of the runaway (I.e., out of control) reactIon caused a large portIon of the hIghly
toxic isocyanate to vaporize into the aIr through a pressure rehef system before It had a
chance to polYmenze.


Quite often, substances With the above tendency to self-polymerize or to undergo
autocatalytic polymerizatIon are transported or stored only whIle contammg an amount of a
substance called an inhibitor. As therr name Imphes, InhIbItOrs act to InhIbIt, slow, or
interfere with the chemical processes that can lead to a runaway uncontrolled polymenzatIon
reaction under normal condItIons of transportatIon or storage. Inadvertent contammatIon or
excessive heat, however, may overpower the mhIbitor and allow the reactIon to proceed
Thus, an inhIbited cargo should not be conSIdered safe If there IS a possIbIhty of It bemg
overheated or contaminated With those substances that may InItIate polymenzatIon. The very
fact that a substance needs an inhIbItor for safe storage IS m many cases (but by no means all)
a sign ofpotential hazardous instability.


Exotlzermic Decomposition Reactions


Much as some chemical molecules can Jom together to fonn larger molecules VIa
exothermIc polymerization, others are unstable and can break apart m a runaway exothennIc
reaction once the process IS InItIated Agam, mhibitors may be used to slow the process
down or to prevent Its occurrence and vanous contamInants or heat may overcome the
inhIbitors or otherwise start a reactIon. ContaIners may explode, rupture, and/or vent vanous
flammable and/or toXiC gases to the atmosphere


Incidentally, the above decomposItIOn and polymenzatIon reactIons are hazardous only
if they somehow become uncontrolled and start a cham reactIon that cannot be stopped WIth
available equipment, matenals, or safety systems. They are WIdely and safely conducted m
chemical and other manufactunng plants across the natIon on a dmly baSIS Without mCIdent
It is only when control or safety systems break down or people make mlstakes that problems
begin.


7.3 NEUTRALIZATION REACTIONS


Spill response guIdes often suggest conSIderatIon of neutralization as a way m WhICh a
hazardous substance can be converted VIa a chemlcal reactIon to one or more substances that
pose lesser threats to the pubhc health or the enVIronment It IS therefore worthwhl1e to say a
few words on the tOpIC


In the tradItional sense of the word, neutralIzatIon typIcally refers to the combmatIOn of
an acid and a base or alkalIne matenal to fonn some sort of salt A good example mvolves
the careful combmation of sodIum hydrOXIde (caustIc soda -- NaOH) WIth hydrochlonc aCId
(muriatIc aCId -- HCI m water). ThIs reactIon, whIch may proceed VIOlently for a tIme,
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generate heat and gases, and cause bOlhng and spattenng of aCId If not properly controlled,
results m the combmatIon of sodium (Na) atoms Wlth chlonne (Cl) atoms to form sodium
chlonde (NaCl), whIch IS ordInary table salt The remmnmg hydrogen (H) atoms and
hydroXlde (OH) molecules combme to form ordInary water <Hz0). Thus, one strongly
corrosIve and hazardous substance IS used to convert another to a solutIon of ordInary salt
and water.


When used m the splIl response commumty, neutrahzatIon refers to the general use of
one or more chemIcals or other substances to render another less harmful The term need not
solely apply to aCId-base reactIons.


7.4 CORROSIVITY HAZARDS


The process by whIch a chemIcal gradually erodes or dIssolves another matenal IS
often referred to as corrosion. The process represents yet another type of chemIcal reactIVlty
that must be consIdered m assessmg the hazards of any given matenal, and IS pamcularly
Important when. 1) choosmg matenals of constructIon for contaIner walls or hnmgs, plpmg,
pumps, valves, seals, gaskets, and so forth; and 2) assuring that eqUlpment and matenals used
dunng response to emergencIes will not be damaged or destroyed by contact WIth the spilled
matenal dunng theIr penod of use. The word corrosive IS also used descnptIvely to mdIcate
that a substance may cause chemIcal burns of the skm, eyes, or other bodily tIssues upon
contact


In evaluattng whether one matenal IS corrosIve to another Vla reference to matenal
safety data sheets, chemIcal company product bulletIns, hazardous matenal data bases, or
other reference sources, It IS often Important to place the ttme frame and rate of corrosion
mto the proper context For example, certaln reference sources may state that one substance
IS unacceptably corrOSIve to a pamcular matenal of constructIon because long term (I.e., 10
to 20 years) exposure w111 result m fmlure of the matenal pnor to the deSIred hfettme of the
eqUIpment Yet other reference sources may dIscuss the Issue m terms of short term
reSIstance of eqUlpment or clothmg constructIon matenals to chemIcal attack, partIcularly If
addressmg use under emergency condItIons ThIs dIstInctIon IS not always clear in the
hterature


Fmally, note that some of the most corrOSIve substances to common metals mclude
strong aCIds of one type or another Not only may the "wrong" aCId m contact WIth the
"wrong" metal cause rapId corrOSIOn of the metal, but the process may generate flammable
and potentIally explOSIve hydrogen gas
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7.5 OTHER HAZARDOUS RESULTS OR PRODUCTS OF REACTIONS


The above diSCUSSIOns have really only scratched the surface of the overall tOpiC of
hazardous chemical reactions. It IS also necessary to pomt out that:


• The combination of vanous chemicals may produce new chemicals Wlth
hazards quite chfferent and pOSSibly more severe than those associated With
the origmal materials.


• Some combmations may result in spontaneous fires; spontaneous explo
sions; formation of substances which Will Ignite or explode if shocked,
heated or subjected to mction; generation of toxic gases, hqUlds or sohds;
or generation of flammable gases, hqUlds, or solids


• It is necessary to look at hazardous matenals on a farrly speCific
case-by-case baslS to determlne therr reactivity hazards.


7.6 SOURCES OF CHEMICAL REACTIVITY DATA


There are numerous sources of chemical reactivity data that address the tOpiC
somewhat superficially and several that are highly techmcal and somewhat beyond the
perceived Ilneedsll of the audience to which this document IS directed. The followmg three
sources provide an excellent balance between completeness, preciSion, specmcity, and
common avm1ability.


• Fire Protection Guide on Hazardous Materials, contalmng "Manual of
Hazardous Chemical ReactionS,1l NFPA 491M-1986, National Frre Protec
tion Association, Batterymarch Park, Qumcy, MA 02269 (Telephone
1-800-344-3555 for orders).


• Brethenck, L., Handbook of Reactive Chemical Hazards, 3rd edition,
Butterworths, London and Boston, 1985. Avm1able through hbranes and
bookstores serving the sClentlflc commumty


• Hatayama, H K., et al , A Method for Determining the Compatibility of
Hazardous Wastes, EPA Report No. EPA-600/2-80-076, Mumclpal EnVl
ronmental Research Laboratory, U.S. Envrronmental Protection Agency,
Cincinnati, Ohio, Apnl1980. Avm1able as pubhcation PB80-221005 from
the National Techmcal Information Service, Spnngfield, Vrrgmla 22161.
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The NFPA Frre ProtectIon GUlde on Hazardous Matenals contams the desChbed
manual of chermcal reacnons as well as considerable addInonal mformanon and data on
hazardous matenals. Found in the hbraries of numerous frre departments, it was aVaIlable m
1988 at a cost of approximately $49 to non-members. Although the secnon on hazardous
chermcal reacnons has not truly been updated smce 1975, and IS not nearly as extensIve as
the work by Brethenck, the guIde remams an excellent source for a broad range of specIfic
Informanon. Major secnons of the guIde can also be found m the NFPA Nanonal Frre Codes
as Secnons 325M, 49, 491M, and 704.


The handbook by Brethenck covers approXImately 9000 compounds versus the
1600-1700 found m the NFPA guIde. It IS a major and somewhat umque work m the field
whIch retaIls for $110.


The report prepared by Hatayama and hIs co-workers under the sponsorship of the EPA
IS an excellent supplement to eIther of the above sources of mformanon. Those above mostly
list and descnbe the speCIfic hazardous consequences of combmmg VarIOUS sets of
chemicals, as reported In the general llterature Smce there are many tens of thousands of
known chermcals, and smce only a small fracnon of the poSSIble combmanons have been
reported upon, neIther of these sources can even begm to claIm that combmanons not lIsted
are safe. The work by Hatayama et al. attempts to fill the gaps by providmg a general
mdIcanon of the typlcal effects of miXIng a substance from one chermcal jamlly WIth a
substance from another farmly VIa a smgle chemlcal compatibility chart. The title of the
work suggests It only conSIders hazaIdous waste matenals, but that m no way affects the
valIdIty of the Informanon for hazardous matenals m general AppendIx D to thIs gUIde
contams a copy of the chart as well as addInonal explanatory Informanon.


It IS also necessary to note that many of the product bullenns and safety-related
documents avatlable free from most chermcal manufacturers can be excellent sources of
Informanon when one IS concerned With the reacnVIty hazards of a relanvely small number
of matenals. The problem IS that collecnon of such pubhcanons for a large number of
matenals can be a burdensome and lengthy process.


Chermcal company literature, however, can be a great source of informanon on the
companbility of common matenals of eqUIpment construcnon WIth specIfic chemicals.
Alternanves mclude some of the better hazardous matenals data bases, books devoted to thIs
topIC, and more widely available handbooks m the fields of chermcal and mechanIcal
engineenng. Many of these same sources address the companbIlIty of matenals used for
chermcal protecnve clothmg, and substannal Information IS aVaIlable from the manufacturers
of such clothmg One excellent source of Informanon on protecnve clothmg that deserves
speCIal nonce IS:
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• Schwope, A D., et at , Guidelines for the Selection ofChemical Protective
Clothing, 3rd edItIon, 1987; sponsored by the EPA and USCG and
avaIlable for approxunately $35 from the ACGrn PubhcatIons SectIon,
6500 Glenway Ave, Bldg D-7, CmcmnatI, OhIO 45211 (Telephone
513-661-7881).
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8.0 HAZARDOUS MATERIAL CLASSIFICATION SYSTEMS


[i]
NFP~


8.1 INTRODUCTION


Vanous orgamzattons in the Umted States have estabhshed or defined classes or hsts of
hazardous matenals for regulatory purposes or for the purpose of prov1dIng rap1d mdlcatton
of the hazards assoc1ated W1th mdlVldual substances. An awareness and knowledge of these
classlficatton systems can ass1st emergency preparedness personnel m 1denUfymg those
matenals that may pose a potenttal threat to thell' respecttve Juns&.cttons.


8.2 U.S. DEPARTMENT OF TRANSPORTATION CLASSIFICATIONS


As the pnmary regulatory agency concerned w1th the safe transportatton of hazardous
matenals m mterstate commerce, the U S Department of Transportatton (DOT) has
estabhshed defm1tlOnS of vanous classes of hazardous matenals, estabhshed placardlng and
markmg reqwrements for contamers and packages, and adopted an mternattonal cargo
commodlty numbenng system. Each of these tOP1CS 1S mdlv1dually dlscussed m the
followmg Further detalls are aval1able m 49 CFR 171-179.


Material Classification Definitions


The DOT class1fies hazardous materials m transportation mto one or more of the
followmg categones.







An explosive IS defmed as "any chemical compound, mzxture, or devzce, the pnmary or
common purpose of whzch zs to junctlon by exploszon, ze., wuh substantlally mstantaneous
release of gas and heat. "Wlthm certam lmlltauons noted m DOT regulauons The overall
category of explosIves IS further broken down mto Class A, Class B, and Class C explosIves
Class A matenals are among the most powerful and mclude bombs, mmes, torpedoes, and
ammumtion used by the military; VarlOUS hIgh explosIves hke mtroglycenn and dynarmte;
blasting caps, detonaung fuzes, and powerful rocket propellants. Class B substances and
devices are generally less powerful and typICally (not always) funcuon by rapId combustlon
rather than detonatlon. The class mcludes speCIal frreworks, flash powders, some pyrotech
mc SIgnal deVlces, hqg.id or sohd propellants, some smokeless powders, and certam types of
ammumtion. Class C explosIves are manufactured artlcles whIch contam Class A or B
materials, or both, as components m stnctly restncted quanuues The class also mcludes
certam types of fireworks


A blasting agent IS a matenal deSIgned for blastmg WhICh has been tested m
accordance With DOT regulations and 'round to be so msensznve that there zs very lzttle
probabzlity of acczdental mznatlon to exploszon or of transznon from deflagratzon to
detonatlon" In other words, the matenal IS capable of explodmg under very speCIal
condiuons, but these condIuons are unhkely to occur m transportatlon, even m the event of
an aCCIdent involving fIre or Impact


Flammable liquid refers to any hqUld, WIthm certaln hmItatlOns and exceptlons, that
has a "closed-cup" flash pomt below lOO°F (378°C) SImIlarly, combustible liquid refers to
any liqUId that has a flash pomt of 100°F or more but no hIgher than 200°F A pyrophoric
liquid is any hqUld that IgnItes spontaneously m dry or mOIst arr at or below 130°F (545°C)


Flammable solids are "any solzd matenal, other than one classed as an exploszve,
which, under condznons normally mczdent to transportatlon zs lzable to cause fires through
jnctlon, retamed heat from manufacturmg or processmg, or whzch can be zgnzted readzly
and when ignzted burn so vzgorously and perszstently as to create a senous transportatlon
hazard Included m thzs class are spontaneously combustlble and water-reactlve matenals"


An oxidizer, accordmg to DOT regulatlons, "ZS a substance such as a chlorate,
permanganate, znorganzc peroxzde, or a nztrate, that yzelds oxygen readzly to stlmulate the
combustion oforganzc matter" The key hazard aSSOCIated WIth oXIdIzmg agents or matenals
IS that contact With a combustible substance, partlcularly organIC matenals, may cause the
substance to Igmte and pOSSIbly even explode


An organic peroxide IS essentially a denvatlve of hydrogen peroxIde <HzOJ where one
or more of the hydrogen atoms have been replaced by molecular chams contammg carbon
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and hydrogen atoms. The substances In tlus category do not meet the defimnons of Class A
or B explosIves but may be capable of explodIng under certain condlnons They may also
have the hazards associated with oxidizers.


DOT defInes a corrosive material as "a lIquid or so/ld that causes vIsIble destructzon or
IrreversIble alteratzons m human skm tzssue at the sIte of contact, or in the case of leakage
from Us packagmg, a llqwd that has a severe corroszon rate on steel" A hqUld IS consIdered
to have a severe corrosIon rate 1f It "eats away" more than 0.25 Inch of a certmn type of steel
at 130°F over the course of one year.


A compressed gas is defined as any matenal or mlxture Wlth an absolute pressure In a
contmner of


• More than 40 psia at 70°F


• More than 104 pSla at 130°F


• If the substance is flammable and in the hqUld state, more than 40 pSla at
100°F.


Aflammable compressed gas IS a compressed gas that has a lower flammable hmlt (LFL)
concentranon of 13% or less by volume In arr, or whlCh has a flammable range (1 e , the
dIfference between the LFL and UFL) of greater than 12%, or wh1ch behaves In a
prespecified manner in a flammabihty testlng apparatus. A liquefied compressed gas is a gas
whlch 1S pamally a hqUld under the pressure in the contmner at 70°F. A non-liquefied
compressedgas 1S a substance wh1ch is ennrely gaseous at a temperature of 70°F.


POlsonous matenals are dlVlded Into three groups In DOT regulanons accordIng to therr
degree of hazard In transportanon. Poison A substances are "POIsonoUS gases or /lquzds of
such a nature that a very small amount of the gas, or vapor of the /lquzd, mzxed wUh azr IS
dangerous to /lfe" Poison B matenals are hqUlds or sohds, other than Class A pOlsons or
rrntanng matenals, "WhICh are known to be so tOXlC to man as to afford a hazard to health
dunng transportanon, or whlCh, In the absence of adequate data on human toxiCIty, are
presumed to be tOXIC to man" because they meet certain cntena for mhalanon. mgesnon. or
skIn exposures when tested on laboratory anImals Irritating materials are hqUld or sohd
substances "whzch upon contact wuh fire or when exposed to aIr gzve off dangerous or
mtensely lrntatmg fumes"


In the aftermath of the Bhopal mCldent. DOT rules were modlfied to requrre specIal
markIng of packages or contmners of volatlle tOXIC hqUlds WhIch had preVlously escaped
claSSlficanon as pOlsons After adopnng a new set of specIal cntena for Inhalanon tOXICIty
hazards. the DOT requrred that packages contmmng more than one hter and no more than
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110 gallons of these matenals be marked Inhalation Hazard. POlson placards were requrred
in addition to other requrred placards for trucks, rml cars or contmners carrying any amount
of these matenals. Slnppmg papers for contmners holdmg more than one hter were requrred


c-
to include the statement Poison -Inhalation Hazard.


An etiologic agent IS "a viable mlcroorganzsm, or Its tOXin, whIch causes or may cause
human dIsease" For the most part, such agents mclude potentIally mfected hvmg tIssue and
bacteriological materials.


Radioactive materials are substances that give off potentIally harmful nuclear
radiatIon, and are classed m three gIoups accordIng to the controls needed to provide
"nuclear critiCality safety" dunng transportatIon. Fissile Class I matenals are among the
safest of these substances, do not requrre nuclear cntIcahty safety controls dunng transporta
tion, and may be shipped together m an unlimlted number of packages Fissile Class II
substances are somewhat more dangerous and can only be shipped m hmlted amounts when
packages are shipped together. Fissile Class III do not meet the requrrements of the other
classes and must be controlled to provide nuclear cntIcality safety m transportatIon by
special arrangement between the slnpper and the carner


Fmally the DOT has a category called Other Regulated Material (ORM) for a Wide
variety of hazardous matenals slnpped m hmlted quantItIes and m certmn kinds of packagmg
There are five classes of such cargos Wlth the deSignatIons ORM-A, ORM-B, ORM-C,
ORM-D, and ORM-E


Identification Numbers


The DOT has assigned a four-digit IdentIficatIon to each of the hazardous matenals
regulated m transportatIon. When appeanng m documentatIon, these numbers are preceded
by the letters "UN" or "NA" The UN numbers, such as UNl203 for gasolme, were assigned
in cooperation Wlth the Umted NatIons and are used on an mternatIonal baSIS The NA
numbers are not recOgnized m mternatIonal transportatIon except to and from Canada.


Most of the numbers and the matenal shlppmg names to winch they are assigned
represent very speclfic matenals. It IS well to recogmze, however, that the DOT also permlts
some cargos to be identIfied m a rather genenc fashIOn. For example, the IdentIficatIon
number UNl993 apphes to flammable lIquId, nos The last three letters are an abbreViatIon
for not otherwise specified, so the number does not pefmlt IdentIficatIon of the specific
matenal m the contamer.
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Placards and Labels


The DOT has numerous regulaoons deahng WIth the placards and labels that must
appear respecovely on bulk contaIners and packages of hazardous matenals. FIgure 8.1
illustrates the reqUIred placards, these bemg the farrly large signs that must appear on railroad
tankcars, highway tank trucks, and other large transport vehicles Labels are farrly siml1ar
and any differences are rather self-explanatory.


Special Notes


Before cononumg, It IS necessary to make two Important observaoons about DOT
classificaoon systems and placarding and labehng requIrements The frrst IS that these
systems and reqUIrements are modified on a frequent basIs and there has been consIderable
acovity to Improve them m the aftermath of the Bhopal mCIdent. Although the matenal
presented herem is of a fairly general nature, some Items may become outdated WIth ome.
Indeed, even as thIs document was bemg prepared, the DOT was m the process of finalIzmg
new regulaoons m thIs area.


Secondly, and most Importantly, be mtensely aware that the current DOT matenal
classIfication system has weaknesses that prompted the above activities. Furthermore, the
current system is pnmarily deSIgned to denote the perceIved primary hazard of a material as
determmed by applicaoon of ngorous classlficatton critena Do not under any circum
stances assume that the hazard indicated by a warning label or placard attached to a
container is the only hazard associated with the material found therein.


8.3 U.S. ENVIRONMENTAL PROTECTION AGENCY CLASSIFICATIONS


The EPA has developed several lists of chemtcals and chemtcal wastes that may be
broadly categorized as"hazardous substances." Besides the water pollutants discussed earher
in Chapter 6, they include:


• A hst of speclfic hazardous wastes and cntena for designaung other
matenals as wastes under the Resource Conservaoon and Recovery Act
(RCRA) of 1976 and subsequent amendments See TItle 40, Part 261 of the
Code of Federal Regulations (40 CFR 261) for detalls.


• A hst of hazardous substances developed under Section 311 (b) (2) (A) of
the Clean Water Act of 1977. See 40 CFR 112-114 for detalls


• Chemicals hsted as toxic pollutants under Secttons 307(a) and 307(c) of
the Clean Water Act See 40 CFR 116-117 for detal1s.
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FIGURES.1
U.S. D.O.T. PLACARDS


The alternate display Incorporating the UN/NA 4-dlglt number appears to the right of the placard


FLAMMABLE SOLID..FLAMMABLE GAS


NON-FLAMMABLE GAS


~
FLAMMABLE


.¢.¢.~
CORROSIVE


•~-~.. ¢~
I" I


.
EXPLOSIVES


•
.. .


STiNG',.'
~ ~ l!.


OXYGEN


~~
POISON


~


CHLORINE


••
RADIOACTIVE


~$'
.. EXPLOSIVES


POISON GAS ..


NOTE No alternate
display Is permitted
for EXPLOSIVES A,
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and RADIOACTIVE
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Hazard Class Numbers


1 Explosives
2 Compressed gases
3 Flammable/Combustible


Liquids
4 Flammable solids
S1 Oxidizers
S2 Organic peroxides
6 Poisons
7 Radioactive materials
8 Corrosives
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When required on tank care, portable tankl or cargo tanks, Identification numbere, aa apeclfled In ~172 101 or ~172 102. ahall be dlaplayee
on an orange panel or placard §172 332
An Identification number may not be displayed on a Polson Gas, Radioactive or Explosives placard §172334(a), but If a tank car,
pemble tank or cargo tank carrying such a commodity requires an Identification number, It must be displayed on an orange penel §172
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• A lIst of matenals deemed to be Extremely Hazardous Substances (EHS)
by vIrtue of their acute mhalation toxICity m aIr. EstablIshed under Title
ill, sectlon 302(a) of the Superfund Amendments and Reuthonzatlon Act of
1986, thIs lIst has been subject to frequent changes. It may be expanded m
the future to mclude matenals with other hazardous charactenStlCs.


• A lIst of hazardous substances establIshed under the 1980 Comprehensive
EnVironmental Response, Compensatlon, and LIability Act (CERCLA),
also known as Superfund The lIst is compnsed of chemIcals lIsted under
RCRA, the Clean Air Act, and/or the Clean Water Act See 40 CPR 302
for details Extremely Hazardous Substances are also to be mcluded m thIS
lIst.


• A lIst of tOXIC chemIcals establIshed under sectlon 313 of SARA Title ill
for emISSIOnS repomng See 40 CPR 372 for detaIls


The hazardous substances lIsted under CERCLA have been aSSIgned reportable
quantities by the EPA. These are the amounts that must be spilled Wlthm a specIfied penod
of nme before the party responSible for the spill or dIscharge IS required to report the spill to
federal, state, and local governments They range from one pound for matenals conSidered
to be extremely harmful to the enVironment (plus some chemIcals whIch are under review
and have not yet been aSSIgned more appropnate reportable quantities) to 5000 lbs for those
substances conSidered to pose slgnlficant but comparatIvely moderate environmental hazards.
It IS well to recognIze that.


• The current EPA CERCLA hazardous substance lIst mostly mcludes
substances that were Identlfied as a result of their long-term enVIronmental
and publIc health hazards There are many SignIficant hazardous matenals
whIch do not appear in the lIst


• Reportable quantItIes (RQs) were generally denved from an evaluatIon of
the long-term health and environmental hazards of the lIsted chemIcals.
RQ values represent a relatlve ranking of the chemIcals VIs-a-VIS each other
and are not absolute mdIcators of nsk Due to the cntena by wmch they
were denved, RQs should not be used to rank substances for plannmg or
emergency response actlVItles mvolvmg epISodIc spills or dIscharges of
hazardous matenals posmg acute threats to the publIc.


Each Extremely Hazardous Substance deSIgnated by the EPA has been aSSIgned a
Threshold Planning Quantity (1PQ) wmch tnggers vanous reportlng, communIty
nght-to-know, and emergency plannIng reqUIrements. Please note that:
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• The list of Extremely Hazardous Substances was prepared qUIckly after the
Bhopal incIdent as an attempt to denote those matenals WhICh pose a hIgh
acute toxicity hazard to the pubhc when discharged mto the enVIronment
The list contains several substances that are hIghly tOXIC but lack mobIhty
under ordmary spIll conditIons


• Although Threshold Plannmg QuantItIes have an Important role m definmg
regulatory requIrements, there IS no guarantee that lesser quantItIes of a
designated EHS will not pose threats to pubhc health and safety under all
aCCIdent conditIons.


8.4 NATIONAL FIRE PROTECTION ASSOCIATION HAZARD RANKINGS


In an attempt to proVlde f'Ire servIce personnel a rapId means of assessmg the dangers
of hazardous materials, the NatIonal FIre ProteCtIon ASSOCIatIon (NFPA) has developed a
ranking system that asSIgnS separate values m the range of zero to four to the health,
flammability, and reaCtIVlty hazards of mdIVldual matenals A fourth category for "speCIal"
hazards uses the following symbols among occaSIOnal others:


• "W" to denote unusual reactIVIty With water


• "OX" to denote that the matellal has oXldIzmg propertIes


• "COR" to denote that the matenalis corrOSIve to hvmg tIssue


• The standard radIoaCtIVlty symbol to denote radIoaCtIvIty hazards


Table 8.1 def'mes the rankmgs specIfied by the NFPA for health, flammabIhty, and
reactiVlty. Although the mdIVldual rankmgs are often slIDply hsted by category m NFPA
documents and many chemical company matenal safety data sheets, they may also be seen
within a diamond-shaped SIgn With blue, red, yellow, and whIte squares contammg the
respective rankmgs for health (blue), fire (red), reactIVlty (yellow) and other (whIte)


8.S INTERNATIONAL MARITIME ORGANIZATION CLASSIFICATION


Under the auspices of the Umted Nations, the Internattonal MantIme OrganIzatIOn
(lMO) has developed and conttnues to refine ItS Internattonal Manttme Dangerous Goods
Code (IMDG) to facilitate and ensure the safety of mternattonal shIpments of hazardous
materials. The DOT has adopted and/or permIts use of IMDG requIrements under numerous
circumstances, and It IS very common to see references to these requIrements m MSDS and
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TABLE8.!
NFPA HAZARD RANKINGS


-


Identification of Health Hazard Identification of Flammability Identlhcatlon of ReactiVIty
Color Code: BLUE Color Code' RED (Stability) Color Code YELLOW


Type of Poaalble InJury Susceptibility of Matenals to Burnmg Susceptibility to Releaae of Energy


StgD&1 Signal Signal-
Matena1s which on very Materials which will rapidly
short expoeure could cause or completely vaponze at Materials whICh m themselves are


4}
death or ma~r residual 10- 4}


atmOB~herlc preaaure and
4} readtly c~able of detonation or ofJUry even tough prompt norma ambient tempera-


me<bcal treatment were ture, or which are readl~
explOSive ecomposltlon or reaction at


given d18r:: 10 air and whl normal temperatures and preaaures
wd burn readdy.


Matenals which on short ex- Ltquuls and 80hds that can
Matenals which 10 themselves are


~
posure could cause serious


~ ~
capable of detonation or explOSive


temporary or residual ~ury be IgDlted under almost all reaction but re~1re a stron'\. Imtl-
even though prompt m Ical ambient temperature cond1- atmg source or w Ich must be eated
treatment were given. tlons. ' under confinement before 1DitiatlOn


or which react exploSlvely With water


Matenals which on mtense Matenals which m themselves are


~
or contmued exposure could


~
Matenals that must be mod- normally unstable and readl1y under-


cause temporary lDcapaclta- erately heated or exposed to
~


go Violent chemical change but do
,tlon o~lble residual m- relatively lugh ambient tem- not detonate. Also materials which
Jury u ess prompt medical peratures before Igmtlon can may react Violently With water or
treatment 18 given occur which may form potentially explOSive


mixtures With water
Materials which m themselves are


n Matenals which on exposure


U Matenals that must be pre- II
normally stable, but which can be-


would cause Irrltatlon but heated before Igmtlon can come unstable at elevated tempera-
only mmor residual lDJUry tures and preB8ures or which may re-
even tf no treatment IS given occur act With water With some release of


energy but not VIOlently
Matenals which on exposure Materials which m themselves are
under fire conditiOns would normally stable, even under fire ex-


® offer no hazard beyond that ® Materials that wdl not burn ® posure conditIOns, and which are not
of ordinary combustible ma- reactive With water
terlal







other hazardous matenal pubhcattons. Indeed, the DOT has proposed to adopt IMDG
performance oriented packagmg requIrements m thell' entrrety for unplementatton m the
United States.


The IMO has categonzed Its overall hst of hazardous matenals mto nme major classes,
many of which are further broken down mto two or more dIVISions. Table 8 2 hsts and
descnbes the basic defimtions of IMO classes and dIVISions Detailed defimttons, mcludIng
more speclfic breakdowns for explOSives, are proVided m the text of the IMDG code.
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TABLE 8.2
BASIC IMO MATERIAL CLASSES AND DIVISIONS


Class 1 •• Explosives


DIVISIon 1.1 Substances and articles winch have a mass explosion hazard ExplOSive A


DIVIsion 1.2 Substances and articles winch have a projection hazard but not a mass explosIOn
hazard. ExplOSive A or B


DIviSIon 1.3 Substances and articles winch have a fIre hazard and eIther a minor blast hazard
or a minor projection hazard or both, but not a mass explosion hazard.
ExploslveB


DIVISIon 1.4 Substances and articles which present no sigmficant hazard. Explosive C


DIVIsion 1.5 Very insensItive substances. Blasting Agent


Class 2·· Gases (compressed, Iiquelified or dissolved under pressure)


DIVISIon 2.1 Flammable gases. Flammable gas


DIVISIon 2.2 Nonflammable gases. Nonflammable gas


DIV1sion 2 3 POlson gases. POison A and other poison gas


Class 3 •• Flammable liquids


DIvision 3.1 Low flash point group (liquids With flash points below OaF) Flammable liquid


DIVISIon 3.2 Intennediate flash pomt group (liquids with flash points of OaF or above but less
than 73°F). Flammable lzquid


DIvision 3.2 High flash pomt group (hqUlds With flash pomts of 73°F or above up to and
including 141°F). Flammable liquid or Combustible liqUid


Class 4 •• Flammable solids or substances


DIVISIon 4.1 Flammable sohds Flammable solid


DIvision 4.2 Substances hable to spontaneous combustion. Flammable solid or, for py.
rophoric liqUlds, Flammable liqUid


DIvision 4.3 Substances emIttmg flammable gases when wet. Flammable solid


Class 5 •• Oxidizing substances


DIviSIon 5.1 OXIdIzmg substances or agents. Oxidizer


DIVIsion 5.2 Organic peroXides. Organzc peroxide


Class 6 •• Poisonous substances and infectious substances


DIvision 6.1 POisonous substances. POlson B


DIviSIOn 6.2 InfectiOUS substances. EtiologiC agent


Class 7 •• Radioactive substances. Radioactive materzal


Class 8 •• Corrosives. Corrosive materzal


Class 9 •• Miscellaneous dangerous substances. Other regulated matenal


Note: Correspondmg DOT classes are shown m ltahcs following IMO classes and divisions.
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9.0 OVERVIEW OF THE HAZARD ANALYSIS PROCESS


HAZARD
IDENTIFICATION


PROBABILITY
ANALYSIS


LIkehhood of ACCIdents
Outcome of Events


Locations and Routes
Materials and Amounts


Characteristics


CONSEQUENCE
ANALYSIS


Nature of Hazards
MagnItude of Impacts


9.1 INTRODUCTION


RISK ANALYSIS


CombInation of
Consequences and


Probablhtles


PLANNING
FOR


ACCIDENTS


Chapter 1 to this document reported that recent guidance manuals pubhshed by the federal
government have used the term hazard analySIS to descnbe the overall procedure for
evaluatmg the hazards, consequences, vulnerabilittes, probablhnes, and nsks aSSOCIated Wlth
the presence of hazardous matenals Wlthm any given locality or Junsdlcnon. Thls term Wlll
also be used herem for the sake of consistency With earher pubhcattons, although It IS
recogmzed that hazard analySIS IS often apphed m a somewhat dlfferent context withln
government and mdustry.


There are four basiC steps presented m this guide for the conduct of a hazard analysIs, and
a related ruth step that takes advantage of the knowledge gained dunng the effort to develop a
comprehenSive emergency plan for hazardous matenals that focuses attentton on the known
threats to a commumty or faclhty whlle mamtammg suffiCient flexlblhty to deal effecnvely and
effiCiently With unforeseen events These steps mclude:


• Locanon, Idennficanon, and charactenzatton of potennal spill sources and
aCCident sites m the Junsd!ctton or locality of concern m a process referred to as
IulZllrd identification. ThIs step essennally concludes With the Idennficanon


9-1







and/or postulatIon of fundamental accident scenanos requinng further considera
tIon and analysIs Results from the probability analysis step winch follows can
often help ill further refmmg these scenanos.


• Evaluation of the hkehhood of mdIvldual accident scenanos in a process called
probability analysis. TIns step permlts eXamlnatIon and/or pnontIzatIon of
potentIal accident scenanos m terms of theIr probability of OCCUlTence.


• EvaluatIon of the consequences and lmpacts associated With the occurrence of
postulated accident scenanos ill a process that IS referred to as consequence
analysis. TIns step provides an understandmg of the nature and outcome of an
accident and permlts exammatIon and/or pnontIzatIon of scenanos m terms of
their potentIallmpact on people and property.


• Combmation of results from the accident probability and consequence analysIs
efforts to provide a measure of overall nsk associated With the speclfic actIVlty
or actIVItIes being studIed ill a process referred to as risk analysis. The effort
permits exammatIon and/or pnontIzatIon of scenanos ill terms of overall "risk".


• Use of the results of the above actIVltIes (winch ill aggregate provide a planning
basis for emergency preparedness personnel) dunng actual development and
preparation of an emergency plan.


It is the express purpose of thIS chapter to illtroduce and descnbe these vanous steps
further and to set the stage for accomplishment of necessary efforts VIa use of the data,
mformatIon, analySIS procedures and computatIonal methods presented ill subsequent chapters
of this guide.


Note that the vanous steps of the overall hazard analysis need not be performed ill
precisely the order shown for all postulated accident scenanos. Indeed, as descriptIons of the
vanous steps are read, keep ill mmd that:


• Some users of tlus guIde may Wlsh to employ all steps OUtlilled to one postulated
accident sceneano at a tIme, startlng WIth the scenano they percelve as posmg
the greatest threat to theIr JunsdlctIon and then workmg down theIr "hst".


• Some users may wish to perform one step at a tIme for all postulated aCCIdent
scenarios.


• Some users may WIsh to Ignore the probablhty analySIS step for one or more
postulated aCCIdent scenanos if they perceIve or determlne that the consequences
of an accident would be major or catastrophIc and WIsh to plan for them
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regardless of theIr bkehhood of occurrence. Such decIsions are specJ.fically
supported by guIdance provIded below and m Chapter 13. Although the most
severe yet credible accIdents that can be foreseen m any junsmcnon or locahty
are most hkely to have low probabilines of occurrence, the very fact that
consequences may be catastrophic or major IS usually suffiCIent justJ.ficanon for
consideranon of the scenano dunng the emergency planning process.


• Some users may Wlsh to snp the assessment of aCCIdent Impacts and conse
quences for scenanos that are determmed to be highly unhkely and are also
known to pose comparanvely low threats to the pubhc due to the quannty and/or
charactensncs of the matenals mvolved.


• Some users may WIsh to perform a "qUlck and dlrty" assessment of potennal
aCCIdent probabl1Ines and/or consequences usmg read1ly avallable mformanon
and aSSUmIng ··worst case" conmnons for unknown data or parameters The
answers obtained could then be used to priontize more formal analyses of
Important aCCIdent scenanos


9.2 STEP 1: HAZARD IDENTIFICATION


Hazard Idennficanon mvolves dehneanon and specIficanon of those facl1Ines and
transportanon modes that handle hazardous matenals withm the lOCalIty or JunsdIcnon of
concern In other words, It requIres that planmng personnel determlne where and how
hazardous matenals are stored, handled, or processed m therr locahty, how and by what routes
they are transported to and from these facIhnes, and where and how hazardous matenals may
pass through the area on therr way to other desnnanons VIa rall, hIghway, manne, or pipelme
transportanon routes.


A drrectly related and Important acnvity mvolves charactenzanon of each potennal spIll or
aCCIdent site m suffiCIent detall to formulate potennal aCCIdent scenanos and to permlt
subsequent evaluanon of aCCIdent probabIhty, hkely spIll amount, and nature and magnItude of
resulnng Impacts In other words, once detecnve work has dIscovered where hazardous
matenals are located, thIS step mvolves gathenng the data and mformanon necessary to
eventually postulate the crrcumstances under WhICh aCCIdents may occur and to evaluate the
apprOXImate hazards and nsks that these aCCIdents may pose to surrounmng populanons


SpeCIfic guIdance and adVIce pertammg to the conduct of a hazard Identificanon effort
follow m Chapter 10 of this guIde.
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9.3 STEP 2: PROBABIUTY ANALYSIS


WIth all the medIa attennon gIven to the tOpIC on a nanonal as well as Internanonal basIs
in recent ttmes, one mIght easily come to beheve that a major msastel InvolvIng hazardous
materials is bound to occur wIthIn the foreseeable future wherever such matenals are handled,
stored, processed, or transported Indeed, a survey of pubhc authonnes a few years ago placed
such events at the top of a hst of concerns for conceIvable emergencIes In therr respecnve
jurismctions Fortunately, however, catastrophIc spills or mscharges, Ie, those that actually
lall or sigmficantly Injure more than a few people at a nme, are actually rare events In our large
and heavily industnallzed nanon, although accIdents In general InvolVIng hazardous matenals
are very common The vastly Increased attennon gIven to chemIcal safety In recent umes by
industry and government alIke should serve to further Improve overall safety performance In
the future. Better preparedness to respond to aCCIdents should serve to reduce overall nsks to
society by helping to reduce or 11mlt adverse Impacts once an aCCIdent has occurred


The probability analySIS step may be conSIdered opnonal where commumty leaders or
facility owners WIsh to prepare for every conceIvable aCCIdent regardless of ItS probabIlIty of
occurrence and have the nme, manpower, and resources to achIeve therr goals More often
than not, however, emergency planners will fInd that nme and resources are hmIted, that other
threats to the commumty or pubhc needs compete for attenuon, and that there IS value In
conducnng a probability analySIS Pnonnzatton of chemIcal related. threats In terms of
probability permIts attenuon to these threats In an orderly fashIon and reduces the chance that
time and resources will be expended on scenarIOS of exceedIngly low credIbIlIty or
significance.


The task of evaluanng the potenual for a hazardous matenal emergency In any lOCalIty or
jurisdIction Involves use of hIstoncal aCCIdent data In conJunctton With local factors (to the
extent possIble) to predIct the frequency of future aCCIdents, and to some extent, the general
consequences of these events. PredIcnon of the future, of course, IS an Inexact SCIence, but
probabihstic aCCIdent assessment methods can prOVIde apprOXImate InmCaUOns of the number
and nature of aCCIdents expected on average In a gIven locale WIthIn a speCIfied penod of ume,
and can therefore prOVIde valuable guIdeposts for decision-makmg purposes


There are many locallues where the total traffic and use of hazardous matenals pose a
clear threat to pubhc health and safety and WhICh are generally aware of the need for
comprehensIve emergency planmng These locallues could benefit from a probabilIsuc
assessment of aCCIdent potenual WhICh permIts the VarIOUS threats to be ranked and pnonuzed,
thus ensunng that the most Important and senous threats receIve the full attentIon they deserve
and that available resources are WIsely allocated (Note' At least one Instance IS known where
a CIty purchased a set of expenSIve chemIcal protecuve clothIng -- fully encapsulatIng SUltS
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resembhng space suits -- and stored them away after alloWIng Its hazmat response team
members to try them on once The SUItS eventually nnldewed and rotted from lack of need and
attentIon.)


At the OppOSIte end of the spectrum are locahtIes wmch face relatIvely few hazardous
matenal threats and wmch may be unsure whether the nsk of an accIdent warrants extensIve
expenditures of tIme and resources for emergency preparedness A probabilistIc assessment of
accIdent potentIal, coupled WIth the results of a consequence analySIS, can aSSIst these localities
m deCIding upon the appropnate level of plannmg and preparedness. Together WIth assess
ments of other natural and man-made threats to the locahty, pnontIes can be set for allocatIng
tIme and resources to threats WIth the hIghest potentIal for harmmg the pubhc. Efforts can be
mitIated for shanng response capabUItIeS and resources among neighbonng JunsdtctIons where
the chances of a sIgmficant aCCIdent m a regIOn encompassmg several junsdictions are
conSIderable, but the chance that the acCIdent will occur m any speCIfic locale withm the region
IS comparatIvely low.


GUIdelmes and methods for probabIhstIc assessment of hazardous matenals emergenCIes
are presented m Chapter 11 of thIS gUIde


9.4 STEP 3: CONSEQUENCE ANALYSIS


Probablhstt.c assessment of aCCIdent potentt.al can prOVIde a good Idea of the hkehhood
that a potentIal aCCIdent WIll actually take place It must be reahzed, however, that the most
frequent types of spIlls or discharges have relatIvely mmor consequences, and that more
senous aCCIdents WIll generally have lower probabuItt.es of occurrence. Thus, a full under
standmg of the riSks faced by any speclfic locale requIres knowledge not only of the
probabIhtt.es aSSOCIated WIth dIfferent types of acCIdents, but also the expected Impacts and
consequences of these events


EstImatt.on of potentt.al aCCIdent Impacts and consequences can be accomphshed VIa a
vanety of consequence, vulnerabIhty, and hazard assessment methodolOgies descnbed m
Chapter 12 of thIS gUIde and mcorporated Withm the computer program named ARCHIE that IS
an mtegral part of thIS document


9.5 STEP 4: RISK ANALYSIS


The nsk analySIS step IS also somewhat optt.onal m the sense that It rehes upon the results
of the aCCIdent probabIhty analySIS for complett.on. It entaIls combmatIon of the probabIlIty or
ltkehhood of an aCCIdent occurnng WIth a measure of the predicted consequences of the
aCCIdent to prOVIde an overall measure of risk that can be used for threat pnontt.zatt.on and
planmng purposes.
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Readers should be aware that the term risk is often mIsused by society. Bemg usually
defined as a combined measure of the probability and seventy of potentlal threats, It IS
possible for a threat Wlth low probability of occurrence and relatlvely high potentlal seventy to
pose a comparable level of risk to a commumty (from a plannmg perspectlve) as a threat With a
higher probability of occurrence but lower seventy. Thus, the performance of a nsk analysIs
permits all threats to be viewed from a perspectlve that IS not biased by conslderatlon of either
probabihtles or consequences alone.


Chapter 13 proVldes guidance on how the aCCident scenanos evaluated m Steps 2 and 3
may be evaluated in terms of nsk It also contams a mscusslon of how the nsks aSSOCiated
with hazardous matenals compare With more common threats to hfe and property The latter
tOPiC is considered tmportant because the hazardous matenals aCCident problem has several
emotional and pohtlcal aspects that some1lmes tend to mstort the truth.


9.6 STEP 5: USE OF HAZARD ANALYSIS RESULTS IN EMERGENCY PLANNING


The scenarios resulttng from the overall hazard analysIs process wJ.11 hopefully represent
the full range of szgnificant hazardous matenal emergencies that have a reasonable hkehhood
of occurring in the foreseeable future wlthm any given locahty. It remams to conSider how
these scenarios and related analysIs results may be used to focus an emergency response plan
on cred1ble threats to the locahty of concern and to ensure that the emergency plan prOVides for
efficient, rapid, and comprehenSIve mItlgatlon of adverse Impacts


Chapter 14 of the guide mscusses the planmng rarmficatlons associated With mmvldual
aCCident scenarios in some detail and serves as a guide for the use of these scenanos dunng
emergency planning. Note that each scenano deemed cred1ble and worthy of conSlderatlon
gives planning personnel the OpportunIty to Sit back under non-emergency conmtlons, Identlfy
steps that must be taken to protect the pubhc, and ensure that response personnel wJ.11 have the
necessary organizatlon, communicatlons systems, eqUipment, matenals, manpower, sources of
assistance, and trammg to cope with the sltuatlon and nuninnze casualtles, property damage,
and environmental pollution.
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10.0 HAZARD IDENTIFICATION GUIDELINES


<:


">


10.1 INTRODUCTION


The purpose of thIS chapter IS to assist planmng personnel m 1dennfymg and
charactenzmg potential sources and locanons of hazardous matenal splIls w1thm therr
Junsmctlon. It IS pnmarlly drrected to local and county governments, but broad apphcanon
of ItS guIdance also permIts use at the state level and wIthIn mdustry.


The chapter outlmes a vanety of methods to obtain the desrred mfonnatIon. It IS left to
mmv1dual localItieS or Junsmcnons to select the method or combmatIOn of methods best
SUIted to local conmnons


10.2 REASON FOR THE DESIRED INFORMATION


There are three fundamental and mterrelated reasons why a town, CIty, county, or state
government should have knowledge of the 1dennty, locanon, and charactensncs of hazardous
matenals and related processes w1thm ItS boundanes.


1. For hazard assessment purposes: The desrred mfonnanon, together Wlth
1dennfied aCCIdent scenanos and the use of consequence analySIS procedures
presented m thIS gUIde, can provIde emergency command personnel WIth an







inchcation of the potentlal nature and magnItude of hazardous matenal threats
facmg a commumty. ThIS knowledge m turn can facIlItate decISIons concern
ing protectlon of the publIc and on-scene response personnel m the event of
an actual emergency.


2. For emergency planning purposes: It can be chfficult and extremely
inefficient to plan and prepare for every conceIVable emergency situatlon The
desired mformatlon, together WIth the probabIlIty analysIs and consequence
analysis procedures presented in this gUIde, permIt emergency plans to be
"taIlored" to the specIfic threats facmg a commUnIty


3. For actual response purposes: Hazardous material spIlls are often confus
ing and dangerous situatlons m theIr mitlal stages, especIally If responchng
emergency personnel do not have a good Idea of the nature and quantlties of
the substances that may be mvolved upon arnvmg at the acCIdent scene. The
hazard identlficatlon process permIts compIlatlon of a centralIzed data base
that can be accessed upon first notIficatlon of an emergency to determIne (or
at least hmIt) the overall range of possibilitles.


10.3 SUGGESTED SCOPE OF THE EFFORT


The guidance that follows may suggest to some readers that the collectlon and
compIlation of the desIred data will reqUIre a major effort on the part of planmng personnel
This will be true to some degree in highly mdustnalIzed commumtles, but the effort can be
made manageable by keepmg certam thoughts and concepts m mmd.


• Small amounts of hazardous matenals (unless they have unusual and
extremely dangerous propertIes) are generally lIkely to cause problems m
only a very localIzed area. Data collectlon efforts can be greatly mmImlZed
by concentratIng efforts on transportation routes and facilitles that handle or
store signIficant quantlties of hazardous matenals


• Industrial concerns that manufacture or use large amounts of hazardous
materials are lIkely to employ or have access to technICal personnel with
expertIse m chemIcal safety and wIll be well aware m most cases of theIr
lIabilitles for any deaths, mJunes, or property damages caused by an aCCIdent.
Some faCIlItles, particularly those aSSOCIated WIth major corporatlons, may be
wIllmg to compIle the desIred data and even perform the analyses descnbed m
Chapters 11, 12, and 13 of thIS guIde If asked to do so at the appropnate level
of management These firms have a clear and vested mterest m ensurmg that
the local commUnIty IS well prepared to protect the health and property of the
pubhc m the event of an aCCIdent. Many of them, especially smce the Bhopal
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tragedy and Its attendant hnganon, have already taken steps to assess and
reduce the nsks that therr chemtcal-related acnVInes may pose to nearby
populanons and the connnued viabIhty of therr busmess operanons m the
event of a major accIdent.


• Major accIdents are fairly rare events, parncularly when one focuses on any
relanvely small part of the nanon, as IS the case WIth the 4000 or so local
emergency planmng cornmtttees (LEPCs) that have been estabhshed m
response to federal laws and regulanons relanng to the Superfund Amend
ments and Reauthonzanon Act (SARA) of 1986 The detatled and tIme-con
sUmtng work can be spread out over some reasonable penod of tIme once
minimum planmng requrrements mandated by SARA have been fulfilled.


• Everyone has a stake m hazardous materials safety. CivIC-mtnded cinzens,
busmess organizanons, and mdIvidual companIes may be wIllmg to volunteer
tlme and resources to the overall effort. The fact that LEPCs have been
established across the nation has set the stage for, should facilitate, and should
indeed encourage planning efforts that transcend the hmttanons of mandatory
plannmg requrrements.


• Netghbonng commumnes and Junsdicnons will need much of the same data
and informanon, not only on hazardous matenal transportanon traffic, but
also WIth respect to facthnes that may pose a threat across Junsdtctlonal
boundaries in the event of an accident. Cooperanon and mtegratIon of
actiVItIes on a regional baSIS may not only reduce the workload for all parnes,
but result m cooperanve agreements that may mcrease the effecnveness and
effiCIency of emergency response acnons during actual emergencIes Fire
departments across the natIon, for example, have long appreCIated the value
of regional mutual aId systems. ThIs concept can be extended m a vanety of
ways for response to hazardous matena! related accidents, thus reducmg the
burden on mdividual junsdtctions.


• Many of the efforts and tasks descnbed m thIS and the followmg chapters
appear more complex when first looked over than they really are. The work
WIll go much more smoothly and qUIckly as expenence IS gamed m applymg
suggested methods and mterprenng therr results


• Most importantly, federal laws and regulatIons reqUIre many (though not all)
facIhnes that unhze hazardous matenals to prOVIde LEPC's all mfonnatlOn
needed (WIth certaIn exemptIons related to trade secrets) for preparatIon of
emergency plans Those faCIhtIes that store quannnes of Extremely Haz
ardous Substances (EHSs) m excess of deSIgnated Threshold Planmng
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Quantities (1PQs) are requIred to appoInt afaclilty emergency coordmator to
assist the LEPC In Its planning efforts Other faCIlItIes may also be reqUIred
by SERCs to partICIpate In the plannmg process under TItle III of SARA


10.4 NATURE OF DESIRED INFORMATION


Table 10.1 bnefly summanzes the types of mfonnatIon generally needed for vanous
transportatIon modes and statIonary faCIlItIes, while subsequent diSCUSSIons prOVIde further
descnptions of data requirements Both the table and aSSOCIated diScussIons are somewhat
general because the specific detaIls needed are not only a functIon of the propertIes of the
hazardous matenals bemg handled, but the CIrcumstances under WhICh they are transported,
stored, transferred, or processed, and the degree of detail that emergency planning personnel
wish to mclude In theIr overall effort. It IS therefore strongly recommended that Chapters 11
and 12 of thIs guide be carefully studied and that examples be worked out so that data
collectIon personnel will have (or can be given) speCIfic gUIdance WIth respect to the detaIled
infonnation desired In any given SItuatIon or JunsdictIon


Rail Transportation


If the locality of interest has one or more raIlroad nght-of-ways, it IS fIrst necessary to
detennine whether these tracks are used for shipments of hazardous matenals. Any track
segments used for thIs purpose should then be charactenzed In tenns of speCIfic location and
length. Special attentIon should be given to IdentIfymg track segments that pass over or
along the side of bodIes of water. For subsequent response plannmg purposes, partIcularly In
rural areas, some thought should be given to how various portions of the route may be
accessed or approached by emergency response personnel and vehIcles Any InfonnatIon
collected on these topics can best be shown on maps of the area, WhICh may also be modIfied
to highlIght populatIon centers and speCIal occupanCIes such as schools, hOSpItalS, pnsons,
and nursing homes -- not Just for raIlroad aCCIdent purposes, but for all credIble aCCIdent
scenarios.


There are major raIlroad comdors m the Umted States that provide passage for a Wide
variety of hazardous materials, and there are numerous routes that only have lImIted traffic to
speCific destinations. Some part of thIS traffic may conSIst of regularly scheduled shipments
(e.g., weekly or monthly shipments from a partIcular shIpper to a particular receiver), another
part may consist of non-regular but recurrent shipments, and a smaller part may conSist of
umque, non-recurrent shipments Ideally, It IS deSIred that planmng and emergency response
personnel obtaIn as complete a pICture as pOSSIble of the speCific hazardous cargos handled
over the course of a recent 6-12 month penod, the types and capaCitIes of theIr contaIners, the
general frequency of mdIvidual shipments, and the frequency of traIns (called "conSIsts" In
the ratlroad industry) which haul hazardous cargos Such data are best obtaIned by ImtiatIng
direct contact With personnel WIthIn the safety department(s) of the raIlroad(s) that use the
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TABLE 10.1
SPILL SOURCE CHARACTERIZATION FACTORS


Rail Transportation


• Route(s) and associated mIleage through locahty


• ClassificatIons of track


• LocatIon and layout of nulroad yards


• Specific hazardous cargos


Number of cars passmg through and length of stay m yards
Types and capaCItIes of containers


Highway Transportation


• Route(s) through locahty


• Nature and length of roads by segment


• LocatIon and layout of local termmals


• Specific hazardous cargos


Number of trucks passmg through and length of stay
Types and capaCItIes of contamers


Water Transportation


• Route(s) through locallty


• MIleage of route(s)


• Nature and charactenstIcs of waterway(s)


• LocatIon and layout of moonngs and anchorages


• Specific hazardous cargos


Number of ships or barges passmg through and length of stay
Types and capaCItIes of vessels and contaIners


Pipeline Transportation


• Plpelme route(s)


• MIleage ofroute(s) through locality


• Contents ofplpehne(s)


• Pressure and temperature of plpehne(s)


• Flowrate through plpehne(s)


• Overall length and dIameter of hne(s)


• Charactenstlcs of leak: detectIon and shutdown system(s) (If any)
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TABLE 10.1 (Cont.)
SPILL SOURCE CHARACTERIZATION FACTORS


Chemical and Petroleum Bulk Processing Facilities


• LocatIon and layout of overall faclhty


• Location, type, dunenslOns, capacity, ventIng systems, contents, pressure, and tempera
ture of cheInlcal reactors, storage tanks, holdmg tanks, and other vessels


• Route, length, dIameter, flowrate, pressure, temperature, and contents of major
intraplant pipelines, together With mformatIon on leak detectIon and shutdown systems


• Location and nature of bulk cargo loadmg and unloadIng faClhtIes and frequency of
transfer operations


• Location, Size, and layout of secondary contamment systems such as sumps, trenches,
dikes, or bamers around potentIal spill locatIons


• LocatIon, layout, and destInation of sewer and drainage systems


Chemical and Petroleum Bulk Storage Facilities


• Location and layout of overall facility.


• Location, type, dunenslOns, capacity, pressure, temperature, venting systems, and
contents of bulk storage tanks.


• Route, length, dIameter, flowrate, pressure, temperature, contents, and frequency of use
of major mtrafacility plpehnes together With mformatlon on leak detection and
shutdown systems.


• Location and nature of bulk cargo loadIng and unloadIng facl1lt1es and frequency of
transfer operatIons.


• Location, Size, and layout of secondary contamment systems, as above


• Location, layout, and destInatIon of sewer and drainage systems.


Pesticide and Other Packaged Chemical Warehouses


• LocatIon and layout of overall faclhty.


• List of products stored in facility together With data on storage locatIons


• FIre protectIon systems m the facl1lty


• LocatIon, layout, and destination of sewer and dramage systems m area.


• Location, size, nature, and layout for secondary containment of spl1led chemIcals or
contaminated water used for IrrefightIng
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track(s) In question. Although these Indt.v1duals may refer you elsewhere Wlthtn therr
orgamzations for the desrred data, contact W1th them can also be benefic1al because they Wlll
have knowledge of the plans and preparations undertaken by the railroad to respond to
emergenc1es InvolvIng hazardous commodt.ttes along therr routes -- Information wh1ch Wlll
be h1ghly useful during the commumty emergency planmng process. (Note: RaIlroads are
comnwn carriers, as are many trucking frrms and manne shippIng operations. Although
such carners do not own the cargos they transport, and very often do not own the veh1cles In
wh1ch the cargo 1S placed, they are legally and financ1ally respons1ble for the damages
resulnng from any acc1dents that occur whl1e a hazardous commodt.ty is in therr posseSS1on.
As common carners, they In most cases have little chOlce but to transport any commodity
placed In therr custody In accordance W1th current federal regulattons.)


If the IOCal1ty Includes a rmlroad terminal or yard that transfers cars Wlth hazardous
cargos between trmns heading to dt.fferent desnnations and/or wh1ch stores them for a time
(Wh1Ch could be days or more) before they move on, a map should be obtmned of the spec1fic
location and layout of the fac1hty. In addt.tton, 1f hazardous matenal cars are In any way
segregated or sorted Into spec1al holding areas, these areas should be 1denttfied. As In the
case of moving traffic, as much Information as poss1ble should be obtmned as to the
identities, quanttties, frequency, and length of res1dence of Indt.v1dual cargos over a
representative period of time. Employees at the fac111ty are the best In1tial source of
Information Be sure to ask 1f they have prepared an emergency plan for the fac1hty and 1f
they are wl1lIng to Integrate and/or coordinate this plan W1th the general commumty planmng
effort.


Highway Transportation


Much of the Information desrred for rmlroad carners of hazardous matenals 1S also
desired for over-the-road carners Speclfic needs Include 1denttficatton of major traffic
comdors; speC1fication of the locatton, length, and nature of roads; charactenzation of
hazardous cargos, sh1pment frequenc1es, contmner types, and contmner capac1ttes, and
charactenzation (as In the case of railroads) of any local termmals or other gathering areas
for hazardous matenal transport veh1cles such as truck stops, we1gh stations, motels, and so
forth. It may also be benefic1al to compl1e data on any travel and route restnctions In effect
In the reglOn.


Water Transportation


Those localittes on the coasthne of the Umted States, bordenng Inland waterways, or
home to a port or harbor must be concerned W1th haulage of hazardous matenals by Sh1P or
barge. Although relating to the marine envrronment, the desrred Information 1S slm1lar to that
dt.scussed above for ra1lroad and highway transport.
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Pipeline Transportation


Most major cross-country plpehnes m the United States convey natural gas, crude 011,
LPG, refined petroleum products or anhydrous ammOnia, but one may occasionally
encounter more exotIc commodItIes bemg transferred between specific sites (e.g., between
the manufacturer and a major user of a particular chemIcal) Besides the specific route of a
pipeline and its length through the JurIsdIctIon of concern, It IS desIrable to deteImlne
pipeline contents, pressure, temperature, typiCal and maximum flowrate, dIameter, and
overall length, as well as charactenstIcs of any leak detectIon and shutdown systems. The
effort should probably mclude hIgh pressure natural gas tranSmISSion hnes and larger
distribution hnes, but not the smaller low pressure plpehnes servmg mdIvldual buIldIngs and
neighborhoods.


Bulk Chemical and Petroleum Processing Facilities


ThIs category mcludes a vanety of chemIcal manufactunng plants, 011 refinenes, and
facilities which use large quantItIes (I.e, bulk: quantItIes) of hazardous matenals dunng the
manufacture of theIr products In order to make the mfonnatIon gathenng task more
manageable at large and complex faclhtIes, It may be necessary to screen chemIcal handlmg
areas and focus on those that utlhze the largest quantItIes of the most hazardous matenals,
keeping m mmd the dIfference between the tOXICity of a substance and the tOXIC hazard
presented to the pubhc. Plant personnel, If cooperatIve, can be of mvaluable assistance m
this task. Screening can also be facilitated by asking plant personnel for a hst of hazardous
materials used at the facility together With typiCal quantItIes on hand.


Of key importance IS the need to obtain a plot plan of the facility showmg the locatIon
of hazardous matenal stores (tanks, loadIng racks, plpelmes, etc.) as well as the Identity and
amount of chemicals present. ThIs InformatIon IS useful for actual emergency response as
well as planning purposes. Aenal photographs can also be valuable.


It is next prudent to focus on any storage tanks of chemicals or large contamers used
for mixing or reactIng chemIcals. DeSIred informatIon mcludes type and locatIon of the tank
or container, working capacity, dImensions, maximum potential pressure and temperature of
contents, Identity of contents, the dIscharge ontice SIze of any emergency pressure rehef
vents, and any systems installed to capture, recover, or destroy flammable and/or toxic gases
that may be released under emergency condItIons. Wlule looking at such tanks, It IS also
important to determine If the contents have the abIlity to undergo any type of runaway
exothermic polymenzation or decompOSItIOn reaction, or if they are subject to any other
hazardous reaction m the event of eqUIpment fmlure, human operator error, or madvertent
contamination by matenals avaIlable m the general area of the tank or container (partIcularly
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those that are somehow linked to the tank by a pipeline system). Make note also of the
diameters of pipehnes and VarIOUS pipes that exit each tank and which could discharge the
contents of the tank or contalner m the event of a break or rupture.


Wlule on the subject of intraplant plpehnes, note that such facdlues may have hterally
miles of relatively small pipes hnlang items of equipment together and possibly a limited
number of intraplant lines of large capacity. It IS well to gather the hst of mformauon under
Pzpeline Transportation above for the larger lines conveying hazardous materials.


Faciliues that handle large volumes of chemIcals are also hkely to ship and/or receIve
hazardous materials by rail, highway or water transportaUon modes, thus necessitaung cargo
loading and unloading faclhues. Detalls of mterest at these sites mclude Identity, frequency,
and volume of indIVldual shipments, diameter and type of loading/unloading hoses or arms,
normal pumping rates of cargos through hoses or arms, ume reqwred to observe any tank
overflows and to shutdown pumps, type and capacity of transport vehicles, and the number,
contents, and durauon of stay of ral1cars, trucks, or marIne vessels servmg the faclhty.


Many facilities have installed secondary containment systems around storage tanks,
process areas, and loadmg/unloachng areas to collect and contaln any spilled materials,
typically in the form of dikes, curbs, or other barriers surrounding Items of equipment or PitS
or sumps to which spdled cargo Wlll flow and collect Smce the total rate at whlch vapors or
gases will evolve from a pool of boiling or evaporaung liqUid IS a funcuon of the surface area
of the pool, and SInce the size of a hquid pool lIre IS also a function of pool mmenslOns, the
dimenSIOns of diked areas or sumps provide highly useful mformaUon For response
planmng purposes, mformauon IS deSIrable on plant fIre protection systems and emergency
spill response capabiliues.


Finally, It is also deslrable to determlne whether spilled materials have the opportumty
to enter underground sewer or dram pipes and where these pipes lead. Flammable hquids m
pipes that are not full and exposed to a source of arr can evolve vapors that mIght explode
Violently If Igmted. Either flammable or tOXlC substances mIght pose problems at the end of
the pipe, be it a nver, lake, or water treatment faclhty.


Chemical and Petroleum Bulk Storage Facilities


There are VarIOUS bulk storage facdlUes across the Umted States that receive bulk
quanuues of chemIcal and petroleum products, mcludmg hquefied energy gases such as LPG
and LNG, by one or more modes of transportaUon, store them for a ume, and then load them
onto other transport vehicles for dIstribunon to buyers and users of the products.
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The information desIred about such facihttes IS the same as that needed for the porttons
of bulk chemical and petroleum processmg facilittes that store and transfer products. Refer
to the preVIous section for a discussion of speclfic Items.


Pesticide and OtherPackaged Chemical Warehouses orDistribution Centers


Numerous types of common busmesses store hazardous matenals m bottles, drums,
boxes, cylinders, and other packagmg matenals. Although the amount m any given package
might be relattvely small, the facility may store a large number of such packages m some sort
of warehouse facility or even on the shelves of a store of some kmd. Some matenals may be
in small containers SImply because buyers do not nee<l or want larger quanttttes at any given
time. Others may be in such packages, particularly at laboratory supply companies, because
DOT regulations prohIbit transportatton of bulk quanttttes due to theIr special hazards


As m prior cases, It IS deSIred to obtam mformatton on the locatton and layout of the
overall facl1lty, the products typically St01ed therem, theIr usual storage locattons, sewer and
drainage systems in the area, secondary contamment systems, and fIre protectton systems.
The latter two topics are pamcularly Important for thIs category, because one of the more
worrisome scenarios mvolves fIre. Senous enVIronmental Impacts may occur IT large
amounts of water applied to burnmg chemIcals cause contamInated runoff l11tO sewers or
drains leading to bodies of water or treatment plants Indeed, some fIre departments have
prefue plans, pamcularly for warehouses storing tOXiC pesttcides, that call for allOWing the
facility to burn whlle only protecttng surroundIng bul1dIngs With water unttl all chemIcals are
consumed, thus avoldmg a water contamlnatton problem. Although the bul1dIng may be a
total loss, and populattons subject to smoke exposure may reqUire evacuatton or other
protective action, savings may actually be realized because of the expendItures that would
otherWIse be necessary to decontamInate land and water bodIes polluted by contamInated
runoff.


Miscellaneous Facilities


BeSides the large number of facl1lttes and transportatton modes that are commonly
associated with the chemIcal and petroleum mdustnes, there are many other common types
of businesses and facl1lttes that are apt to use or store hazardous matenals and which should
not be overlooked Some posslblhttes are hsted m Table 10 2 but are only a samphng of the
many types of facihttes likely to store and use hazardous matenals m some slgmficant
quantity.
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TABLE 10.2
MISCELLANEOUS POTENTIAL SPILL SOURCES


AIrport and manne fuel depots· gasohnes and fuel oIls


Brewenes and dIsUllenes - alcohols


Compressed gas supplIers· medIcal and mdustnal gases


ConstrucUon fmns and SiteS· explosIves, compressed gases, fuels


Dry cleaners· cleanmg solvents, perchloroethylene


Electromc crrcwt makers· acids


Embalmmg supply houses· formaldehyde


Farm/garden supply shops - pesucldes, feruhzers, herbiCides


Frreworks manufacurrers • explOSIVes, pyroteehmcs


Food stores or warehouses - ammonIa (m refngerauon systems), combusuble dusts


Foundnes - reSins, other chemiCals


Fuel 011 companies - fuel oIls


Furniture stnppmg operauons - solvents


Gasohne stauons - gasolme


Gun and ammo shops - ammumUon, explOSives


Hazardous waste dIsposal facIlIUes - virtually anytillng


Hospitals - compressed gases, medIcmes, ramoacUve matenals, euologlc agents


Laboratones, chemical and blOloglcal- vanous chemicals, euologlc agents


Lawn fel1lhzer companies - pestIcides, herbiCides, fertJ.hzers


Leather tanners - vanous chemicals


LP-gas or propane supplIers - hquefied flammable gases


Pamt, varmsh, and lacquer makers and wholesalers - reSins, solvents, chemical pigments and addiuves


Pest control companies - pesucldes, poIsons


Plasuc and rubber makers - solvents, additIves, bulk chemIcals


Plattng shops - aCIds, cyanides


Pulp and paper mIlls - bleaches, caustIcs, aCids, sulfur compounds, and others


School and umverslty chemlcallaboratones - vanous chemIcals


SWlmmmg pools (pubhc) - hquefied chlonne


SWlmmmg pool supply houses - OXIdizers (calclUm hypochlonte), hydrochlonc acid, algaecldes


Steel mills - aCIds, degreasers


Textlle and fiber manufacturers· solvents, dyes, resms, vanous other bulk chemicals


Water treatment facIlitIes - hquefied chlonne, aCids


Welding shops - compressed gases


Weldmg supply shops· compressed gases
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10.5 AVAILABLE METHODOWGIES TO COMPILE DESIRED INFORMATION


Previous sections have dIscussed the pnmary reasons for IdentIfymg and charactenzmg
potential spill sources and accident sItes, and bnefly descnbed the mfonnation and data
desired for hazard IdentIficatIon and analysIs purposes. It IS now tIme to bnefly reView some
of the methods available for fulfilhng these mfonnatIon needs. In revIewing thIS matenal,
keep in mmd that major potential spIll sources outsIde the the commumty of mterest may
also have the capability to Impact resIdents and their property m the event of an accIdent It
may not be enough to only study facihtIes that he withIn the precIse boundanes of the
commumty or jurisdIction of concern


Enforcement ofRight-to-Know Laws


R1ght-to-Know laws or regulatIons, be they of federal, state or local ongin, typically
require that manufacturers and users of specrlied hazardous matenals provIde matenal safety
data sheets (MSDS) or hsts of avaIlable MSDS for the substances handled on theIr respectIve
sites to employees, commumty leaders, fIre departments, state emergency planmng groups,
and/or members of the general pubhc. The vanous laws and regulatIons enacted or
promulgated over the years have dIffered m several Important aspects, but all, in some
fashion or another, have had the potential to facilItate IdentIfIcatIon of facihtles whIch handle
or otherwIse utlhze specrlied hazardous matenals.


Although RIght-to-Know laws were enacted m more than 25 states m recent years,
recently reVised federal laws and regulations have essentially preempted most of these
legislative mitiatives. The new laws and regulatIons are very comprehensIve and have the
net objective of enSurIng that State Emergency Response COmmlSSIOnS (SERCs) and LEPCs
will be automatIcally mfonned of the plesence of most hazardous matenals present at
facilities withIn theIr respectIve JunsdIctIons. Indeed, enforcement of right-to-know laws
and regulations is the most direct and efficient method available to LEPCs for the
identification of facilities that manufacture, store, process, or otherwise use hazardous
materials that may pose a threat to community health and safety. In most cases,
enforcement may require httle more than infOrmIng these faclhties, eIther mdIVIdually or via
a general public relations campaign, that they are subject to these laws and regulations
Although progress is being made m thIs area, there remain many facIlities and businesses,
particularly those that do not conSIder themselves part of the chemlcal mdustry, who have
been slow to reahze or recogmze that they are fully subject to the mandates of these laws and
regulations regardless of the nature of theIr operations.


The specrlic reportmg requIrements ongmally mandated by SARA are summanzed
within Appendix A of the Hazardous Materials Emergency Planning Guide (NRT-l) CIted
in Chapter 1 of this document. Stated qUIte briefly, SARA reqUIres that faclhties stonng or
using EHSs in excess of TPQs must notify the local SERC and LEPC, appomt a facility
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emergency coordInator to assIst the LEPC m emergency plannmg and to proVlde any
additional mfonnatIon and data requrred dunng the plannmg process In additIon, any
faclhty subject to the the Hazard Communication Standard (29 CFR 19101200) of the
OccupatIonal Safety and Health AdmImstratIon (OSHA) must submIt a hst of the hazardous
chemIcals on ItS sIte or a set of matenal safety data sheets for these matenals to the state
emergency response COmmlSSlOn (SERC), local emergency planmng COmmlttee (LEPC), and
local fIre department These organIzatIOns are also to be proVlded annual reports of
hazardous matenal mventones grouped by hazard category Because SARA Title m makes
planning for EHS's a mandatory effort, hazard identification should begin with these
materials.


A very slgmfIcant and somewhat recent development (late 1988) IS that OSHA
succeeded, after a battle m the courts, to expand coverage of Its hazard commumcatIon
standard from a very speCIfIc and somewhat hmIted set of mdustnes to all employers except
those m the constructIon mdustry Thus, many loopholes (though not all) that would
otherwIse have comphcated the hazard IdentIfIcatIon efforts of LEPCs have now been closed
by the federal government


The various laws and regulatIons discussed above are bemg frequently modified and/or
expanded m coverage m a concerted attempt to further fac111tate the work of local emergency
planmng personnel. Current mfonnation on federal mltIatIves under the Resource Conserva
tIon and Recovery Act and Superfund law may be obtained by callIng the RCRNSuperfund
Hotlme at 800-424-9346 or 202-383-3000 Current mfonnatIon on the speCIfic regulanons
prompted by TItle ill of SARA can be obtained by calhng the Emergency Planmng and
Commumty RIght-to-Know Hotlme at 800-535-0202 or 202-479-2449 Both hothnes have
been estabhshed by the federal government and are operanonal from 8 30 am to 7 30 pm
EST dunng the normal work week.


NOTE WELL: Although the above laws and regulanons w111 greatly help commumty
emergency planmng personnel m Idennfymg fIxed-SIte facl11tIeS that handle hazardous
matenals, they are not necessanly all mcluslve and encompassmg There w111 stIll be many
cases m which hazardous matenals are handled at a fac111ty but msuffIclent data w111 be made
automatIcally avallable to LEPCs to pefffilt the performance of a comprehensIve hazard
analySIS. AddltIonally, the fact that repomng requIrements do not apply to transPOrtanon
modes conveymg hazardous matenals through mdIvldual Junsdlcnons IS hIghly slgmfIcant
and Important, as IS the fact that many fInes and busmesses are not yet aware of therr
speCIfic responslblhnes Consequently, comprehensive planning for hazardous materials
emergencies, although not fully mandated by law, requires a concerted effort on the
part of LEPCs to identify and characterize potential threats that have in one way or
another escaped mandatory reporting and planning assistance requirements.
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Use ofFire Department and Building Inspection Records


Over the years, local tIre departments may have accumulated substantIal data on the
businesses and facilitIes Wlthm theIr JurischctIon as a part of tIre hazard surveys, mspectIons
associated WIth regulatory or msurance requirements, response to accidents, and preplanning
for tIre emergencies. It follows that tIre department records and personnel can be a key
source of desired mfonnatIon in many commumtIes and countIes Slmtlarly, butlchng
inspection departments of local governmental entItIes may have useful records and knowl
edgeable personnel And last but not least, note that local pobce departments WIll have
considerable general knowledge of the busmesses that operate in theIr respectIve JUIlschc
tions. Law enforcement personnel patrol the streets on a 24-hour baSIS and will often have
first hand knowledge of many of the potentIally hazardous actIVItIes of concern


Use ofIndustry Questionnaires


A reasonably detailed questionnaire mailed to all businesses which may handle
hazardous matenals, partIcularly If accompamed by a letter from the mayor, town or City
councu, or local tIre chief, can provide valuable mfonnatIon on a slgmflcant fractIon of the
faCUlties contacted. It IS a good Idea to call f'trst to determtne to whom the queStIonnaIre
should be dIrected, and also, to determtne who can be called for follow-up questIons.
AlternatIvely, a self-addressed, stamped postcard can be mserted m the package With a
request that the person given responSibility for completIng the document bst hiS or her name
and telephone number on the card and drop It m the maIl A news release to local mecha
about the effort can alert the busmess commumty as to the arnval of the queStIonnaIre and
alert the pubbc about the planning effort bemg undertaken. In all cases, be sure to stress the
fact that the infonnatIon IS solely desire.d for emergency response planmng purposes. As
discussed later, be sensItIve to the possible need to mamtatn the conf'tdentIaltty of certaIn
data.


Meetings with Business Organimtions and Trade Groups


Many busmesses throughout the country are members of local Chambers of Commerce
or mutual aId groups (i e., groups of compames m the same mdustry that have agreed to help
each other as best they can m tIme of emergency). PresentatIon of commumty emergency
response planning mfonnatIon needs during a general meetIng of such a group has the
potential to obtain pubhclty for the effort, to obtain assistance and cooperation from the local
business community, and most Importantly, to obtam fonnal endorsement of the organizatIon
for the effort, thus encouragmg mchvldual members to cooperate fully With pubhc authontIes.
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Meetings with Individual Business Personnel


Where the effort is withIn reason, planning personnel assigned this task may choose to
meet WIth key personnel WIthIn the mdiVldual companies or orgamzanons handling
hazardous matenals, explain the benefits of cooperanon to both the commumty and the
busmess, and request a tour of facl1ltles. Necessary detalls of operations can be obtamed
dunng these meetings and tours, or quesnonnarre forms may be left belnnd for later
completion.


It IS well to keep in mind durmg such meenngs or other contacts that many companies
have undertaken intensive efforts to determine the hazards and nsks faced by the commumty
and themselves due to the storage and use of hazardous matenals, especially in the aftermath
of the Bhopal mCldent. Requests for the results of such analyses mIght lead to the receipt of
much desired information. GIVen that the Chemical Manufacturers Assoclanon IS acnvely
encouragmg such efforts among the entire chemIcal mdustry under its Commumty Aware
ness and Emergency Response (CAER) Program (see Chapter 1), a request may even provide
impetus for Imnanng such work, which could ulnmately save community plannmg personnel
conSiderable effort.


It IS also deSirable to ask If the facility has a contingency plan for dealmg WIth on-site
emergencies and whether any attempt has been made to coordmate and mtegrate the plan
with commumty efforts. This can prompt some thought on prepanng a faclhty plan where
none exists, lead to obtainmg a copy of the plan (which is bound to contain useful
mformatlon), and/or mltlate a useful and connnumg dialog between company and pubhc
emergency preparedness personnel.


As noted earher, It is Important during such meenngs to stress that the ulnmate
obJecnve of the community is to ensure it IS prepared to protect the pubhc dunng potennal
hazardous matenal emergencies and to lend appropnate assistance to the responsible party
(i.e., the company or firm that owns and/or has custody of the materials m question) m
mitlganng damages resulting from an aCCident. It is also important, however, to be senslnve
to the fact that the success and commercial viablhty of some busmesses may depend on
propnetary technology or processes that cannot fully be protected With patents or copynghts
Indeed, one or more products of any chemical-related busmess may be based on "secret
recipes" that would hurt the company If disclosed to compentors. Do not be surpnsed,
therefore, 1f there IS reluctance at urnes to discuss certain details of company operanons


The nght-to-know laws and regulattons discussed above have specific prOVISions
relanng to claims of trade secrets by faClhnes and these proviSIOns should be followed when
apphcable. When not apphcable, there are essennally two methods to approach the problem
when there IS an acknowledged or known threat to the commumty and Issues of confidentiali
ty that hamper plannmg efforts The first mvolves a formal agreement between the company
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and the community to use any mformatton proVIded solely for emergency plannmg purposes
and not to disclose the mformatton to any thrrd partles. Tlus places a substanttallegal burden
on the commumty and reqUIreS active management of senslttve data, but potenttally serves
the needs of both parties The other approach neceSSItates that the company Itself undertake
the analysis procedures outlmed m Chapters 11 and 12 and prOVIde plannmg personnel WIth
only the fmal results and a promlse to disclose the ldenttty of any discharged or spl1led
matenals lmmediately m the event of an aCCIdent The effort may be facl1ltated on the part of
the company by the employment of mdependent consultants or contractors.


Queries ofRail, Marine, and Pipeline Transportation Companies


One of the more difficult tasks m some localloes Wlllmvolve compl1atton of suffiCIent
data on transportaoon of hazardous commomoes m the area, partlcularly If these cargos do
not have a speclfic destlnation m the locality that can be ldenttfied and quened but are SImply
passing through The survey methods to be conSIdered vary WIth the mode of transportaoon
being utthzed.


As note above, the best source of rmlroad traffic data IS the rmlroad company that
owns and operates any specific track segment of mterest. Many w111 have computerized
records of train movementss and the cargos carned. Others mlght be wl1hng to compl1e the
desired data over a speCIfic penod of ttme to aSSIst the data collectton effort CompanIes that
receive or ship hazardous matenals and WhICh have facl1loes m the area can proVIde data on
the pomon and nature of the traffic for WhICh they are responsIble If cooperattve. They can
also act to inform emergency planners of the speclfic transportaoon COmpanIeS that they
employ for potentially hazardous cargo movement.


Pipehne routes, partlcularly those conveYing hazardous commomttes, are often clearly
marked and known to pubhc authonoes, partlcularly those who may have ISSUed a permlt for
the route at some tlme in the past Substantial mformation may be readily avmlable from
"digsafe" program offices m many areas of the country that mmntaln records of boned
pipehnes and cables. Local uohttes w111 know of such programs, as w111 constrllcoon
companies, and a hotlme number for the local digsafe program is likely to be prommently
displayed In the local telephone drrectory Contact WIth the owner of any plpehne is likely to
provide current operatlng condIttons, speCIfic route of the plpehne, and any emergency
response preparations that have been undertaken In anttclpatlOn of a future aCCIdent


Sources of mformaoon m ports and harbors Include the port or harbor master, the
companies that offload, ShIp, or receIve hazardous cargos, the pubhc commISSIon or counCIl
(If any) that operates or has regulatory or oversIght responslbihty for the waterfront, the
marine transportation companIes that operate m the area, and any local or regional offices of
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the U.S. Coast Guard or U.S Army Corps of Engineers. The best approach IS to locate a
person who knows how the port or harbor operates and how records are kept, and ask hIS or
her advIce on how best to proceed.


Truck Traffic Surveys


By therr very nature, trams, plpelmes, and marine vessels follow routes that are fixed m
locatton, readily identIfiable, and utilized by a comparatively small number of transportation
companIes. ThIS IS not true m the case of truck traffic which may be found on a WIde Variety
of roads and highways and potentially involve a large number of different carriers. The task
of charactenzmg truck traffic and ItS routes will therefore be substanttally more ttme-con
sUmIng m many Junsmcttons but can be accomphshed to a large extent usmg the followmg
methods and procedures.


Almost all jurisdicttons are served by firms that proVlde fuels such as gasoline, fuel 011,
and LP-gas (LPG) or propane to industry and the pubhc These should never be overlooked
Trucks conveymg gasolme are known to be mvolved m more senous aCCIdents than those
transporttng any other hazardous material m the Umted States due to the flammable and
explOSIve properttes of the substance and ItS extremely widespread use and distribution.
LP-gas and hquefied propane, whIch are also used in large quanttttes in most parts of the
country, are hIghly flammable compressed hquefied gases that may fuel pool fires, flame
Jets, BLEVEs, vapor cloud deflagrattons, and confined and unconfined vapor cloud
explOSIOns If discharged to the external envrronment Fortunately, the vast majority of rmns
that receIve, sell, and dehver these commodlttes w111 be readily identtfiable. Those
compames that serve commerCIal accounts or the general public usually adverttse frequently
to gam new customers and will be easily found m the "yellow 'O~17es" of local or regional
telephone companies, as will product wholesalers or dIstnbutton companIes. DISCUSSIons
with the operators of a sample of local gasolme stattons can also be helpful.


The shIppers and receIvers of other hazardous matenals in the lOCalIty of concern are
one good source of informatton about the nature and frequency of over-the-road shIpments
Routtng and addItional shIpment mformatton can be obtamed from the trucking firms that
dehver or pIck-up cargos


Most large trucking compames have estabhshed termlnals at VariOUS locattons across
the country. Although these termlnals may be located outSIde the locale of concern,
company management, safety or dIspatch personnel may be able to prOVIde substanttal
mformatton on the cargos routed through the subject JunsdIctton They may also have a
good. Idea of the operattons of other carners that functton m the area, smce keepmg track of
the acttvIUes and operauons of competttors IS often good busmess pracuce Slmllarly, smaller
companIes m the region, pamcularly those that speCIalIze m carnage of hazardous matenals,
can be a useful source of mformatton.


10-17







Finally, when all else fails to proVlde a reasonably complete overvIew of hazardous
materials traffic by lughway, there is always the posslbillty of conductmg a roadsIde traffic
survey. One form of survey involves stattonmg observers along lughways at key locaoons of
interest, such as major intersections or entrances Into the Junsmcoon for a penod of ome and
making counts of traffic. The placards and other SIgnS on InmVldual velucles (see Chapter 8
for descriptions) will provIde a general 1f not speclfic Inmcaoon of the nature of any
hazardous cargos being carned The names of transportaoon firms on vehIcles can provIde
leads to sources of more detalled Information when needed


The task can be somewhat facilitated for major hIghway traffic If there IS a truck
weighmg station on the route and observers are poslooned at these locaoons Slffillarly,
survey activioes may be coormnated at ttmes WIth roadsIde safety Inspecttons conducted by
the highway patrol, state pollce and/or department of motor vehIcles Pollce forces may also
be asked to make note of hazardous matenals traffic at all omes dunng routme duoes on a
periodic basis, as may collecoon personnel at toll booths.


Although much of the information of interest for planmng purposes has been prOVIded
above, it IS well to note that the U.S. Department of Transportatton and the U S. Department
of Energy jointly sponsored a study to Identlfy and charactenze methods by WhICh
information may be obtained on hazardous matenal shIpments at the local level. The
resultmg report is:


• Overcast, T.D, and Dively, D.D., Options for Gathering Information
About Shipments ofRadioactive and Other Hazardous Materials, DOT
Report DOT/RSPA/DHM-61-86-2, 1987, aVallable from the Naoonal
Technicallnformatton Service, Spnngfield, VA 22161.


Use ofPermit Records


Companies that handle hazardous matenals typIcally requlre a vanety of pefffiltS and
licenses to bOOd their facilities, to handle or store flammable matenals, cheffilcals or wastes,
and to discharge pollutants Into the arr or water. These pefffiltS and llcenses are ISSUed by a
variety of local, state, and federal authorittes and may proVlde a reasonably effiCIent means to
identify these facilities In some Jurisdictions. Organlzaoons WIth pOSSIbly useful records
include fIre and police departments, buddIng Inspecoon agenCIes, zomng boards, publlc or
occupational health and safety departments, state and federal envlfonmental protecoon
agenCIes, water and sewer commiSSIons, the U.S Army Corps of Engmeers, and the US
Coast Guard, among others.
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Use ofthe "Yellow Pages"


The local telephone company "yellow pages" drrectory can be of major assIstance m
IdentIfymg all types of frrms that potentIally store, handle, or transport sIgnIficant quantItIes
of hazardous matenals. Better yet, It can provIde therr addresses and telephone numbers


Access to Detailed Chemical Property Data and Hazard Information


As readers Will reahze, mdustry IS generally requrred to proVIde emergency plannIng
personnel with matenal safety data sheets (MSDS) or mformatIon Simllar to that found on
such sheets It IS important to note that thIS mformatIon and data, although of considerable
value m many respects, IS not always adequate for a full and complete understanding of the
hazards and propertIes of mdIvidual hazardous matenals. Indeed, It IS not uncommon to
reVIew several MSDS for the same matenal, each prepared by a dIfferent manufacturer, and
to fmd numerous subtle and sometImes major mconsistencies in their contents


QUIte frankly, MSDS WIth different origms and authors often vary greatly m both
accuracy and completeness, although the SItuatIon has Improved vastly m recent years Even
the best avaIlable MSDS, however, prOVIde but a sImphfied overvIew of matenal hazards,
appropnate frrst aid measures, suggested emergency response actIons, and so forth. It is
often best, therefore, to use MSDS as a screenIng tool to identIfy those matenals that clearly
pose the greatest hazards to a JunsdIctIon, and then to make an additIonal effort to compde
more complete InformatIon on these substances Reahze also, however, that some manufac
turers have a tendency to exaggerate hazards of therr products to aVOId the possIbIhty that
they will be found neghgent m warnmg customers of poSSIble dangers in the event of an
aCCIdent Conversely, though thIs is not nearly as common as It once was, and may SImply
have been due to a lack ofknowledge or expertIse, some frrms have been known to downplay
the hazards of therr products In the past


There are essentIally three avaIlable methods to obtam more detaIled InformatIon on a
specIfic hazardous matenal. The frrst mvolves access and study of the numerous hazardous
matenal data bases, handbooks, and guIdes avaIlable m the marketplace The best of these
contain conSIderable useful and accurate data on the common and sometImes rare chemIcal
products and fuels used m mdustry. The worst, however, can be a conSIderable waste of
funds, so It IS WIse to purchase these documents or computer programs With care. (Note.
Some computerzzed data bases, in particular, have absurdly hlgh przces glven the nature and
quallty of the data they provlde In many cases, the authors have slmply copled data that lS
avallable m hardcopy documents sellzng for a tmy fracnon ofthe computer program pnce )


The name and addresses of chenncal manufacturers and dIstnbutors, together WIth
mdexed lists of theIr products, can be found m several chemIcal bUyIng guIdes. PotentIal
sources of these guides include major pubhc and unIversity hbrarles, the purchasmg
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departments of compames that buy chenncals, and even Inchvidual chennsts and chenncal
engmeers In the commumty. The second approach Involves identification of the manufac
turers of matenals of speCial concern and the mal1Ing of requests for detalled product
information bulletins and safety handlIng guides Most large corporations w111 honor such
requests at no cost.


The third approach, which is best SUited to identifymg a source of detailed mformation
for an unusual hazardous matenal, Involves callmg the Chenncal Referral Center In
Washington, D.C. This Center was established by the Chenncal Manufacturers ASSOCiation
(CMA) In late 1985 to assist callers In contacting sources of Information on over 250,000
chemical products and basic chenncals on a non-emergency baSiS. The center operates from
8 a.m to 9 p.rn. (EST) Monday through Fnday and may be reached toll-free from the
continental Umted States and Hawall at 800-CMA-8200. Callers In the Distnct of Columbia
and Alaska may telephone 202-887-1315 on a collect baSiS.


10.6 SOURCES OF ADDITIONAL HAZARD IDENTIFICATION GUIDANCE


The U.S. Department of Transportation and the Federal Emergency Management
Agency have sponsored numerous demonstration projects associated with hazardous maten
als safety and emergency response plannmg. The expenences of the local, county, and state
authorities Involved In these proJects, as documented In the reports they have prepared on
their activities, can prOVide adchtional ideas and InSights on how best to conduct a hazard
identlfication survey In any given locale. Most of these reports are listed and referenced In
Appendix E of the HaZ/lrdous Materials Emergency Planning Guide (NRT-1).


10.7 FORMULATION OF CREDIBLE ACCIDENT SCENARIOS FOR PLANNING
PURPOSES


As noted earlier, it is not suffiCient to deternnne the locations and characteristics of the
Sites and hazardous matenals that may become Involved in a future accident; it is also
necessary to gain an understanchng of the potential nature and outcome of potential acCidents
for comprehenSive planmng purposes. An important step In this process IS the formulation or
postulation of crechble aCCident scenanos based on the mformation obtained durmg hazard
identification activities. These scenanos can then be evaluated With respect to specific
probabilities of occurrence, consequences, and/or nsks to the community Via the procedures
respectively descnbed In Chapters 11, 12, and 13 of thiS guide.


Chapter 11, In particular, descnbes, chscusses, and enables probability analySiS for
crechble aCCidents at fixed Site facilities and In transportation. Although the probability
analysis step itself is conside--ed opnonal, planmng personnel should nevertheless refer to
Chapter 11 for asSistance In the defimtion of aCCident scenanos In thel! respective
junschctions based upon results of the hazard identification procedures They may choose to
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select several scenanos for each hazardous aet1V1ty (rangmg from low to hIgh seventy) for
further analySIS, or to SImphfy matters by only selecting worst case scenanos (i e., those
pOSIng the greatest threats to the commumty.)


10.8 ORGANIZATION OF THE DATA


As noted previously, the infonnatton compiled during the hazard identtficatton and
charactenzatton task IS not only useful for planning and hazard analySIS purposes, but can
also be valuable during actual emergency response If readIly accessIble In a centralIzed data
base. It IS therefore a good Idea to orgarnze the Infonnatton and data In a fihng system of
your chOOSIng, and/or to enter the most Important facts Into a data management system
Installed on a personal computer. If placed In a locatton that IS manned on a 24-hour baSIS,
such as pohce or fire department dIspatch offices or a deSIgnated emergency operattons
center, response personnel can be briefed on potenttal hazards by radIo whIle en route to an
acCIdent SIte and be gIVen answers to speCIfic questtons that may anse upon their arnval at
the scene.


10-21











11.0 PROBABILITY ANALYSIS PROCEDURES


11.1 INTRODUCTION


The transportation and use of hazardous matenals poses threats that are of concern to
socIety, but whIch are not always fully understood m terms of therr hkehhood of occurrence
or VIewed m perspeCtive WIth regard to therr relation to other threats The purpose of thIS
chapter IS to prOVIde emergency planmng personnel WIth the baSIC mformatlOn, data, and
procedures necessary to refine and evaluate mdlvidual hazardous matenal accIdent scenanos
m terms of therr annual probabIhty or frequency of occurrence on at least an order of
magmtude baSIS


As noted earher m Chapter 9, thIS probabIhty analySIS step may be conSIdered optional
where community leaders (or mdlvidual faCIhty operators) Wish to prepare for every
conceIvable aCCIdent regardless of ItS hkehhood of occurrence and have the time, manpow
er, and resources to achIeve theIr goals. More often than not, however, these mdlVIduals WIll
find that time and resources are limIted and that other threats or needs compete for attention
Pnontlzatlon of potential aCCIdents m terms of annual probability as well as seventy will
permIt attention to these threats (and It IS eventually hoped all threats to pubhc health and
safety) m a lOgical and orderly fashIon and thereby reduce the chance that time and resources
will be expended on emergency scenanos of exceedIngly low credibilIty or slgmficance
Note, however, that assessment of hazardous matenal aCCIdents or any other threats on a
probabl1lttstlC baSIS does not guarantee that all such hazards w111 be ldenttfied or that less
hkely events will not occur


The chapter addresses seven pnmary actiVities aSSOCiated WIth hazardous matenals,
each With the potential to result m pubhc emergenCIes These mclude


• Bulk transportation by truck
• Bulk transportation by rall
• Bulk transportation by barge or other manne vessel
• Transportation by plpehne
• Bulk storage, processmg, or handlmg at fixed facilIties
• Transportation of packages
• Transportation by arr


The overall approach presented m thIS chapter mvolves use of average nattonal
aCCIdent rates determIned from histoncal records and relevant exposure data While such
rates may overestimate or underestImate average annual aCCIdent probablhties for any
speCIfic faclhty or transportation actIVIty, they are not expected to be vastly m error m
aggregate for any JunsdlCtiOn or faclhty The ultImate goal, after all, IS not exact estimation
of aCCIdent probablhtIes, but therr approXImation at a level of accuracy suffiCIent for







emergency planning purposes. AppendIx F to thIS gUlde presents the basIS and ranonale for
the recommendations and procedures that follow, and addlnonally, dlscusses the use of local
and other data and mformanon (where aval1able) to further refine estlmates where thIS may
be desrreable.


The actual computation of the annual accIdent probabIhty assocIated WIth any speCIfic
actiVlty involves usmg the frequency Wlth whIch such accIdents are known to occur 10


combination Wlth a measure of the "exposure" of the commumty or other JurisdIction to the
potentially hazardous aCtiVIty For most transportation modes, for example, histoncal
aCCIdent rates are presented 10 terms of the number of aCCIdents expected per ml1e of travel
and exposures are expressed 10 terms of the number of tnps made per year and the mlleage of
routes Wlthm the locahty. Sunple multlphcatlon of these values prOVIdes the expected
number of aCCIdents per year mvolvmg the aCtlVlty being conSIdered Further multlphcation
of thIS result by such factors as the fraCtion of aCCIdents that result 10 loss of cargo to the
environment and the fraction of aCCIdents that result 10 a prespecified amount of cargo loss
permits greater speclficity 10 predIctions Worksheets for each aCtlVlty facIhtate computa
tions, and are provided 10 heu of tabulated or generahzed categonzations of aCCIdent
probablIities to prOVIde plannmg personnel Wlth the option of usmg local data for greater
accuracy. Plannmg personnel may use the predIcted aCCIdent frequencIes to determIne an
appropnate "aCCIdent probabIhty category" durmg the nsk analySIS step descnbed 10 Chapter
13 of thiS guIde.


An Important pomt to be made IS that the analySIS methods presented herem prOVIde
therr users Wlth the annual aCCIdent probabIhty expected for the entIre area of concern and
not for specific locations or subregIOns Wlthm the lOCalIty Should It be desIred to determIne
the probability of a release near a speCIfic populated area, a speCIfic body of water, or a
speclfic envrronmentally senSItive habItat, It wlIl be necessary for users to determIne that
fraction of the overall commumty or facIhty exposure aSSOCIated WIth thIS speCIal area and
to adjust overall aCCIdent frequency predICtions 10 an appropnate fashIOn


Special Notes


Wherever the term "splIl" IS used 10 the dlScussions that follow, readers are adVIsed to
mterpret the term as refemng to any release or dlscharge of a hazardous matenal 10 a manner
capable of posmg a threat to the pubhc or the envrronment


The procedures that follow pernut the user to estunate the number of "spIlls/year"
expected on average from mdividual actiVIties or operations mvolvmg hazardous matenals.
The average reoccurrence mterval for a speCIfic spIll scenano can be determIned by dlvIdlng
the number "1.0" by the predIcted frequency of spills per year Thus, a spIll frequency of 2 x
10"2 spills per year can be translated to mean that a spIll can be expected to occur once every


11-2







50 years on average. Where desIred, readers may also sum the spIll frequencIes denved for
sImIlar mdividual actIvItIes and then determIne the reoccurrence mterval aSSOCIated WIth the
combmatIon using the same methodology


Throughout thIS chapter, hIstoncal aCCIdent rates and other data are frequently
presented m "SCIentIfic notatIon" Readers unfamllar WIth thIS method of representIng very
small (or very large) numbers are referred to Appendix A for guIdance


11.2 GENERAL SEVERITY OF ACCIDENTS CONSIDERED


The types of aCCIdent scenanos that could theoretIcally be covered m thIS chapter range
from mmor spIlls of gasoline at servIce statIons to major catastrophes that occur once every
10 or 20 years on average on a worldWIde baSIS. The pnmary focus, however, IS somewhere
between these extremes, and on the types of events WhICh occur somewhere m the Umted
States every week or month, but for whIch the nsks to anyone speCIfic commumty mIght be
low but nevertheless sIgmficant In other words, we are not hIghly concerned With routIne
and common spIlls and discharges of relatIvely mInor sIgmficance Nor are we overly
concerned With extremely rare events.


For a general perspectIve on hazardous matenals aCCIdents, conSIder that there are
many thousands of hazardous matenals releases WhICh occur each year in transportatIon and
at fIXed facIlitIes, yet the vast maJonty are of very hmIted consequence Tables 11 1 to 11 3
give some Idea of the total numbers of aCCIdents reported each year and the relatIve
contributIon made by various activities. More speCIfically, Table 11 1 addresses the number
of evacuatIons m recent years that were of suffiCIent magnItude to warrant reportIng. Table
11.2 prOVIdes an estImate of the total number of aCCIdents over a ten year penod mvolvmg
hazardous matenal releases from transportatIon actIVItIes, whIle Table 11.3 focuses on major
events by type of actIVIty Although the data presented m the latter table are somewhat
dated, they are nevertheless suffiCIent to demonstrate that only a small fractIon of all
aCCIdents result m major consequences.


11.3 BULK TRANSPORTATION OF HAZARDOUS MATERIALS BY HIGHWAY


Bulk transportatIon of hazardous materials by hIghway mvolves the use of tank trucks
or traIlers and certain types of more specialIzed bulk cargo vehIcles In all, trucks transport
more than SIXty percent of the hazardous matenals not carned by pipehnes, WIth Just under
fifty percent of thIS matenal bemg gasolme (OTA, July 1986) Average lOp lengths are 28
miles for gasohne trucks and 260 mIles for chemIcal trucks, Implymg that most gasolme
shIpments are very lOCalIzed whIle chemIcal shIpments may be regional or mterstate Smce
trucks carry hazardous matenals the greatest number of mIles near populated areas, and are
also responSIble for the largest number of shIpments, It IS not surpnsmg that thIS mode of
transportatIon is also responSible for the greatest number of acCIdents.
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TABLE 11.1
CHEMICAL ACCIDENTS REQUIRING EVACUATIONS


Type of Accident 1980-1984 1984


Tram deratlment 55 8


Railcar spill/fIre 23 5


Truck accident 35 5


Truck spill/fIre 32 7


Chenncal plant release 43 5


Industrial plant release 78 24


Pipehne 4 0


Ship inCIdent 4 1


Waste sIte accident 7 1


Other* 14 1


TOTAL 295 57


*Includes helicopter crash, plane crash, sewer gas epIsode, oil well explosIon, sWlmnnng pool
chlorine accident, pesttclde spill in retatl store, mme fIre, two nnhtary nnssile suo accIdents,
and two electrical transformer leaks.


Source: Sorensen, 1986


TABLE 11.2
HAZARDOUS MATERIAL TRANSPORTATION ACCIDENTS


Number of Accidents
Mode PerYear1 1973-1983 Averag~


Hlghway 10,000 - 15,000 10,289


Rail 1,000 975


Air 200 150


Water 20 26


Source: lMaterlals Transportatlon Bureau, 1983 and Cheok et aI, 1985
~Tl\,March, 1986
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TABLE 11.3
MAJOR HAZARDOUS MATERIALS ACCIDENTS*


Activity 1964-1973 1953-1973


ChelDlcal plants 6 12


Od refinenes and storage 10 13


Gas storage tanks 1 2


Od dnlling ngs 2 2


Plpehnes 1 1


Frreworks plants 0 2


Manne tankers, barges 8 15


RaIlroad tank cars 5 8


Trucks 3 8


TOTAL 36 63


*10 or more fatahtles, 30 or more injunes, $3,000,000 or more
m property damage


Source Office of Radlatlon Programs, 1980
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Tank trucks are usually traetor-semitral1er vehIcles or smaller bobtaIl-type units. The
tanks themselves are usually constructed of steel or an alummum alloy, but may also be
stainless steel, nickel and other matenals. CapaCItIeS are usually 10 the range of 3000-10,000
gallons, although slightly smaller and larger umts are aval1able. Intermodal tanks WhICh
consist of a tank within a protectIve ngid framework, one-ton tanks which are lIfted on and
off the transporting vehicle, and large gas cyhnder bundles are also commonly used for bulk
transport by highway.


Commodity breakdowns for trucks, as descnbed 10 various data sources are not
considered very accurate and vary widely. However, a one-month survey of cargoes in
VIrginia found a fairly close match (by percentage) to the average distributIon of commodt
ties involved in accidents. The companson for commodItIes 1Ovolved 10 aCCIdents 10


VIrgtnta also matched natIonal accident breakdowns farrly well (Urbanek and Barber, 1980).
National involvement 10 accidents by type of commodIty for the time period July
1973-December 1978 was:


Flammable liqwds
Combustible lIquids
Corrosives
Flammable compressed gases
Oxidizers
Poisons (lIquid or solid)
Nonflammable compressed gases
Explosives
Radioactive materials
Flammable solids


Causes and Examples ofPast Accidents


60.5%
16.3%
11.6%
3.2%
2.1%
2.1%
1.9%
1.5%
0.5%
0.3%


Truck accidents on roadways, regardless of the cargo involved, are generally due to:


• Collisions with other vehtcles
• ColliSIons with fixed objects such as bridges or overpass supports
• Running off the road
• Overturns due to exceSSIve speed on curves


These four events are most hkely to result 10 a release of large quantitIes of hazardous
materials, and are predommantly the result of human error. Smaller releases may arise due to
defectIve or loose valves, fitttngs or couphngs; weld fatlures; and vanous other structural
defects. (Note: Loadtng or unloading spills are considered separately 10 the category of fixed
facilities below and actually result 10 the majority of overall releases 1Ovolving trucks)
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The severity and consequences of discharges resultmg from truck accidents can vary
widely. Some examples mclude:


• A tank truck carrying 11,000 gallons of gasolme blew a tire, struck a cement
bamer which npped open the side of the tank, and then burst mto flames on
Interstate 95 near Peabody, Massachusetts. State troopers closed down the
highway whl1e an emergency crew from Logan International AIrport spread
foam on the wreckage. The highway remained pamally closed for several
days, smce one section had melted and needed to be replaced. There were no
mjuries or deaths. (December 3,1985)


• Littleton, New Hampshrre, was spared a potenttally catastropmc aCCident
when a tank trader loaded With 9,200 gallons of hquefied propane Jack-knifed
on an ICy h111 and tipped on Its Side about 75 yards from a large storage tank
of hqUld propane and less than 100 yards from large fuel oil storage tanks.
No propane leaked from the truck, but a diesel fuel tank was ruptured, 1500
people resldmg wlthm a half mde radius were evacuated until the propane
was safely transferred to another vehicle the next day. (February 11, 1982)


• A truck pulling two tank traders loaded With molten sulphur collided with a
highway bamer on a toll bndge and burst into flames taking two hves and
mJunng twenty-slX Frremen encountered dIfficulty exttngulshmg the frre and
rescumg vlctlms. VISlbl1lty at the tmle was poor due to fog and the spilled
sulfur had burned through water supply lmes. (January 19, 1986)


• In Houston, a tank truck carrymg hquefied anhydrous ammoma collided Wlth
a car and fell from an elevated mghway to a busy freeway. The truck
exploded Violently on impact releasmg billoWlng clouds of ammoma Four
persons (mcludIng the truck dnver) were killed, dozens of motonsts were
overcome by the fumes m a three-mlle area, and at least 100 were treated at
area hospitals. The vapors and fumes were so thick that pohce hehcopters
were mittally repelled. The City was forced to use all available ambulances
and pnvately-owned hearses to transport the mJured. (May 12, 1976)


• Although certam details are unclear, a tank truck CarryIng hqUld propylene
sprang a leak m the vlclmty of a crowded campsite m Spam Flammable
gases spread from the truck, encountered a source of IgmtlOn, flashed back to
the vehicle, and caused a BLEVE With a large frreball The death toll from
bums was approximately 170 Numerous other people suffered moderate to
severe burns but otherwIse Survived (July 11, 1978)
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SuggestedApproachfor Assessment ofAccident Potential


Since we are concerned With accidents Wlth the potential to cause major problems for a
community or other JunsdIction and not those winch are handled on a routtne baSIS, It IS best
to focus on vehicular accidents rather than relatively mmor leaks from valves, fittings, or
open rehef valves. Based on the mformation dIscussed in AppendIx F, an average accident
rate of 2 x lQ-6 accldents/mlle IS conSidered representative of the general expenence of trucks
carrying bulk quantities of hazardous matenals If adequate local/state data are avallable for
determmation of mdividual aCCident rates for dIV1ded and undIV1ded roadways, therr use is
recommended because the resulting rates will more accurately reflect aCCident probablhtles
under local conditions.


With respect to the fraction of truck accidents that result m a splIl or dIscharge, the
avallable data suggest a consensus opmlOn on the order of 0.50 (50%) If all spills mcludIng
very minor valve and fitttng leaks are conSidered Onnttlng these, a spill appears to result
from an accident m about 0.15 - 020 (15% - 20%) of aCCidents. A value of 0.20 (20%) IS
therefore adopted for use for the sake of conservatism.


Based upon avallable spill size dIstributions, and conSidering the likely causes of
aCCidents, the followmg dIstnbution IS suggested for general use:


• 10% cargo loss (thru 1" hole) or 1000 gal--- 60% of the ttme


• 30% cargo loss (thru 2" hole) or 3000 gal--- 20% of the ttme
• 100% cargo loss (mstantly) or 10,000 gal --- 20% of the time


These values cover the range of signlficant releases If desired, a two-pomt dIstnbution
assuming that 3000-gallon splIls occur 80% of the ttme and IO,OOO-gallon splIls occur 20%
of the time may be used to slmphfy consequence analysIs procedures.


The suggested aCCident rates and other factors for truck aCCidents are summarized m
Table 11.4. Worksheet 11.1 presents a slmphfied format for computing the annual average
probabilities of truck aCCidents resulttng m splIls of vanous amounts A copy of the
worksheet should be completed for each hazardous matenal transported m bulk by truck
Wlthin or through the community, or (If desrred) groups of chemlcals or matenals posmg
similar threats in the event of a release may be analyzed together Local mformatlon needed
for the task includes:


• Matenal(s) of concern


• Annual number of shipments


• Total capacity per slnpment
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AccIdent Rate:


TABLE 11.4
SUGGESTED FIGURES FOR TRUCK TRANSPORTATION


2 x 1(}6 accidents/nnle


Cond1tlOnal SpIll Probability


SpIll SIze DIstnbutIon


o2 for sIgmficant spIlls


o60 for 10% loss of cargo through I" hole, or 1,000
gal


020 for 30% of cargo through 2" hole, or 3,000 gal


0.20 for 100% of cargo, or 10,000 gal


Note: Worksheet 11.1 demonstrates how these figures can be used to estImate annual
accIdent probabIhtIes and asSOCIated spIll volumes for truck transportatIon.
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WORKSHEET 11.1


ESTIMATING BULK TRUCK TRANSPORTATION RELEASE FREQUENCIES


Hazardous Material(s):


Total Number of Annual Shipments:


Length of Route of Concern:


Total Number of Miles Per Year*:


A=---------------
(loaded trucks only)


B=---------------
(mIles wlthm Junschcnon)


C=AxB=------------


Accident Frequency:


Spill Frequency:


D = C x 2 x 1(}6 = (accldents/year)


E = D x 0.2 = (splIls/year)


Spills by Size+


10% loss of cargo (I" hole) or 1,000 gal:


30% loss of cargo (2" hole) or 3,000 gal


100% loss of cargo or 10,000 gal·


Notes:


Ex 06 = (splIls/year)


Ex 0.2 = (splIls/year)


Ex 0 2 = (spl1ls/year)


*If there are a number of dIfferent routes WIth varyIng numbers of shIpments, mulnply the
number of shIpments by the route length for each route mdIvldually and then sum For
example, 100 shIpments of 15 rmles and 50 shIpments of 7 mIles would give (100 xIS) +
(50 x 7) =1850 total rmles.


+ The user may conSIder all three scenanos for consequence modelhng and planmng
purposes or just the largest splIl.
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• Total length of route within communIty


• Type of roadways travelled (If specIfic rates by type of highway are avmlable)


Note that It may be necessary In some cases to combIne the number of shIpments WIth the
length of route WIthIn the commUnIty to compute total nuleage because there may be several
routes for the same material. A pnme example IS for gasoltne whIch may be delivered to
several locations WIthIn any commUnIty or junsd1ctIon as well as dnven through the locality.
Worksheet 11.1 prOVIdes further Information on how thIS may be accomphshed.


AdditionalData/Methodologies


Should more precise methodolOgies be desired or should special circumstances warrant
attentIon, the reader can conSIder one of the techniques listed below. FIrst efforts should be
dIrected at obtainIng more precIse data eIther on a local, county, state or regIOnal baSIS. The
data specific to one carrier should not be broadly applied, however, as there can be major
dIfferences between carners - even when they operate In the same area. This may occur due
to differences in truck design and upkeep, characteristics of the cargo, training of the drivers,
enforcement of speed restrictions, and other factors.


More detailed methodologies which take into account specific accident situations
include:


• Separate models to predict accidents on interstates, rural highways or urban
arterials as a function of several input variables (Urbanek and Barber, 1980).


• Analyses of raillhighway grade crossing acCIdents (National TransportatIon
Safety Board, 1981). Note: There are only 60 or so of these each year,
nationWIde, on average. They usually involve trucks carrying petroleum
products and occur close to distribution/storage terminals, with very localized
impacts.


• Breakdowns of rates by rural, urban, suburban and number of lanes (Smith
and Wilmot, 1982).


• Risk assessments of transportation through tunnels (ConSIdine, 1986).


• Detailed conSIderations of the severities of various types of accidents for
partIcular vehIcle configurations (Clarke et at, 1976).
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Use ojResults in Consequence Analysis


Each of the three accident scenanos denoted and evaluated above actually proVIdes the
user with two options, the fll"St bemg assumption of a certam percentage of cargo loss
through an orifice of a gIven size, and the second bemg assumpnon of a speclfic total amount
of cargo loss. For example, in the fll"St scenano considered, the user can assume that 10% of
the total cargo of the vehicle is discharged through a hole having a dtameter of one mch, or
alternatively, sunply assume that 1000 gallons of presumably ltqUld cargo are released before
the discharge is termmated for one reason or another under average accIdent condtnons
These results are based on generalzzed Instoncal records of past accIdents and prOVIde one
way in winch the ulnmate consequences of an mCldent can be evaluated by use of the
analysis procedures dtscussed m Chapter 12 of thIS guIde Conversely, dependtng upon the
type of hazardous matenal involved and the deSIreS of the user, these scenanos can be further
refined for consequence analySIS purposes, takmg better advantage of locally aVailable
information.


Where the user Wlshes to assume a flXed percentage of cargo loss (this requinng
knowledge of total cargo amounts) or a flXed amount of splllage for ltqUld cargos, the splll
can be assumed to take place mstantaneously, thus obVIattng need for use of dtscharge rate
and duration estimanon methods dtscussed m Chapter 12 and available m the computer
program prOVIded Wlth thIS guide It IS cautioned, however, that the assumpnon of an
instantaneous release in such situanons may greatly overesnmate resulnng hazard zones from
evolunon of tOXlC or flammable vapors, flres, or explosIons Splll amounts presented m umts
of gallons of ltquid can be converted to the umts of pounds reqUIred by the computer
program by use of the followmg expression:


Amount in pounds =8.34 x Amount in gallons x Liquid specific gravity


Where a hole size IS speclfied and cargo tank or compartment dtmens10ns are known, It
is alternatively possible (and recommended) to utlltze aVailable dtscharge rate and duration
estimation procedures to obtam an ulttmately more real1snc mdtcanon of acCIdent conse
quences. This is particularly adVIsable when the cargo IS a compressed gas, a ltquefled
compressed gas, or an othe!Wlse hIghly volanle matenal. The suggested percentage of cargo
loss, when less than 100%, can be ignored, If necessary, m deference to the results obtained
from the dtscharge models. (ThIS IS due to the fact that the hazard zone wlll be pnmanly
determined by the release rate and the fll"St ten or so mlnutes of the release; the ulnmate
release quannty IS less sigmflcant )
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11.4 BULK TRANSPORTATION HAZARDOUS MATERIALS BY RAIL


AccordIng to recent statistics, about 80 nnllion tons of hazardous matenals are slupped
annually by nul m the U.S. (OTA, March 1986) The maJonty of these shipments are m a
smgle tank permanently mounted on a nul car. ExceptIons mclude multI-tank tank cars (the
umts are usually ton contamers), seamless steel cylmders (as for very lugh pressure service),
and compartmented tank cars m which each compartment IS treated as a separate tank. The
sizes of these Will range from a few hundred gallons m the case of a ton contaIner to 45,000
gallons m so-called Jumbo tank cars. Smce 1970, however, the capacity of new tank cars has
been hnnted to 34,500 gallons There IS also occasional use of mtermodal tanks, as
mentIoned under truck transportatIon.


The deSign, constructIon, mspectIon, and use of tank cars are regulated by both the
American Association of RaIlroads (AAR) and the Federal RaIlroad AdnnmstratIon (FRA)
Wlthm the U.S. Department of TransportatIon (USDOT) Carbon steel IS used to construct
over 90% of the tanks, With alunnnum for most but not all of the remainder Nickel or mckel
alloy IS found in aCid service, and there are a small number of stamless steel cars (Wnght and
Student, 1985). Safety rehef valves (and vents) are requrred, unless otherwise speCified
Cars are usually classIfied mto the categones of pressure tank cars, non-pressure tank cars,
cryogemc lIqUId tank cars, and nnscellaneous tank cars. Tanks may be lined, msulated, and
possibly fitted With heatIng colls Some may have special thermal protectIon to prevent
BLEVEs or other explOSions m the event of exposures to pool fires or flame Jets Relatively
recent regulatIons have reqUIred shelf couplers - which lInnt potentIal for the punctunng
adjacent cars m the event of a deraIlment or collISIOn - for all new and old cars Cars
carrying lIquefied flammable gases or ammoma have been requrred to have head shields to
further lInnt puncture potentIal, and new housmgs for bottom outlets have also been adopted


It has been estImated that 35% of all freight trams carry hazardous matenals, but that
only 7 5% of raIlroad acCidents mvolve traIns carrymg these matenals (von Herberg, 1979)
ThiS figure corresponds to the percentage of all cars which carry chenncals and allIed
products or petroleum products versus the total number of cars on an annual baSIS (AAR,
1985).


A farrly extensive data base on commodIty flows IS aVaIlable for raIlroads The July
1986 OTA report prOVides the followmg breakdown on a tonnage baSIS·


Flammable lIqUIds
CorrOSive matenals
CombustIble hqUlds!
nonflammable compressed gases


Flammable compressed gases
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26%
25%


22% (less than 12% each)
12%







PoisonB
POIson A
RadIoacnve matenals


3%
0.1%
0.03%


DetaIled breakdowns by state, railroad company, and other diVIsIons are also available from
various sources descnbed m the OTA report.


Data on rall yards shows that the number of hazardous materials cars handled by each
ranges from 1-15 percent of the total throughput (Chemical and Engineenng News, July 29,
1985). In one study, based on data through 1977, It was found that 36% of deraIlments and
73% ofcollisIons occurred m such yards (Nayak et aI, 1983).


Causes andExamples ofPast Accidents


For releases of hazardous matenals from raIl accIdents, there are two types of events of
concern. The most Important for thIs analysIs IS the accIdent that mvolves a colhsion or a
derailment, smce these typICally mvolve the largest spills or dIscharges. However, there is a
second class of releases which may anse from fittlng or seal leaks, rehef valve leaks, and
other releases associated WIth Improper tlghtenmg of closures or defective eqUIpment
Harvey et aI (1987) estlmate that these account for 70% of the roughly 1000 releases each
year. Rail accidents, like those for trucks, can result m virtually no adverse consequences up
to very large losses of lIfe, depending on the matenals mvolved and the Cll'cumstances of the
accident. Many of the more severe acCIdents occur m yards and on SIdmgS (Wolfe, 1984)
As for truck transportatlon, inCIdents arismg during loadIng or unloadmg operations are
addressed under fIxed faClhnes.


AAR data (Wolfe, 1984) showed that the matenals most often mvolved m accidents
with more than $100,000 of damage m 1981 were:


~. LPG
• Acrylonitrile
• Fuel oIl
• Vinyl chloride
• Anhydrous ammonia


The same source found that there were less than 30 accIdents each year with thIS level of
damage.


Examples of past accidents mvolVIng the rrol transportatlon of hazardous materials are
given below. These partIcular mcidents mclude some of the most severe that have occurred
in recent times.
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• In Waverly, Tennessee the derailment of two propane cars was treated rather
casually as crews worked to clear the track and nght the cars. As thIS was
being done, some 40 hours after the deratlment, propane began leakmg from
one car, reached a source of ignInon, flashed back to the car, and caused an
explOSIOn and fireball. The town center looked hke a battle scene after the
explOSIOn with 16 dead, 54 requiring hospitaltzanon for burns, and 42
requmng outpanent care (February 24, 1978)


• Over 240,000 people were evacuated for all or part of a week m Mtsslssauga,
Canada after a deratlment mvolvmg 11 propane cars, 1 chlonne car and 10
cars loaded WIth other chemtcals. The wreckage produced a series of
explOSIons, launched mtsstles more than half a mtle, and prompted fears of a
maSSIve chlonne release. No fatahnes or major mJunes occurred partly due
to the qUIck accident response of authonnes, a well executed emergency
evacuanon plan, and vartouS fortwtous circumstances. (November 10, 1979)


• A whIte cloud of toxic smoke towered a thousand feet over the communIty of
Miamisburg, Ohio and covered an area about a mtle Wlde and 10-15 mtles
long at one point after a deratlment caused a car contammg wbtte phosphorus
to fad and IgnIte. The intense heat and dtfficulnes m controllmg the fue
forced authonnes to watt four days for the blaze to burn Itself out. Eleven
persons were hospltaltzed after exposure to the tOXlC smoke, Wlth a total of
273 bemg treated for skill, eye, and lung tmtanons. The 40,000 (or more)
evacuees were the largest number ever resulnng from a tratn accident in the
U.S. (July 8, 1986)


Suggested Approach for Assessment ofAccitknt Potential


Based on the data presented In AppendIx F, it IS suggested that an aCCIdent rate of 3 x
lQ-6 per tram-mtle be used for mamlme track. To convert this to a per car-mtle baSIS, It IS
assumed that 0.20 (20%) of the cars will be damaged m an acCIdent (based upon data
presented m Nayak, 1979). The overall rate therefore becomes 02 x 3 x lQ-6! tratn-mtles or
about 6 x 1()-7 per car-mtle.


The acCIdent rate for rad yards is obtatned by talang 1 3 x 1()-5 aCCIdents per tram-mtle
and a 20% damage estlmate to obtam about 3 x lQ-6!car-mtle for the track m yards. Sldmgs
also pose a nsk, but these nsks are consldered herem to be overshadowed by those aSSOCiated
with mainhne and yard track.


It IS suggested that 0.15 (15%) of acCIdents be assumed as resulnng In a spill for both
mainhne and yard accidents, as no data are avadable to permtt msnncnons between these
events.
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With respect to the distnbutions of spill amounts In accIdents, the aVaIlable data
suggest use of:


• 3,000 gallons or 10% of cargo (thru 2" hole) - 50% of the tIme
• 10,000 gallons or 30% of cargo (thru 2" hole) - 20% of the tIme
• 30,000 gallons or 100% loss of cargo - 30% of the tIme


The higher weighting of the last category partIally accounts for the potentIal for more than
one car to release part of Its contents In an accIdent.


Table 11.5 summarIzes the accident rates and other factors suggested for use, whIle
Worksheet 11.2 outlInes the procedure for determmmg the annual average probabIlIty of an
accident involving spIlls of VarIOUS amounts. A copy of the worksheet should be completed
for each hazardous matenal transported m bulk by raIl wIthm or through the commumty (As
for trucks, groups of chemIcals posmg simIlar hazards may be conSIdered together) Local
information that will be reqUIred to accomplIsh the effort Includes'


• Matenal(s) of concern
• Annual number of cars
• Total capaCIty per car
• Total mIles of maInlIne track WIthIn commumty
• Total mIles of yard track travelled by a typIcal car


Railcar trips and aSSOCIated mIleage involvmg loaded vehIcles are of pnmary concern as
these pose the greatest nsk Nevertheless, It IS Important to realIze that the reSIdual materials
within tank vehIcles considered "empty" can also pose a hazard under certaIn CIrcumstances
If local data on aCCIdent rates or spill frequenCIes are available, they can be drrectly
substItuted for the rates and other factors hsted in Table 11 5.


AdditionalData/Methodologies


Should a more detailed evaluatIon be desIred or reqUIred, readers can conSIder use one
of the techniques lIsted below. However, any effort to Improve the speCIfiCIty of aCCIdent
predictIons should probably first mvolve the determmatIon and use of mdIvIdual state or
railroad company aCCIdent rates for specIfic routes.


More detailed evaluatIons of rail transportatIon can also Include conSIderatIon of
several dIfferent factors (alone or In combInatIon) in the analySIS. Examples of these Include:


• Detailed review of accident seventy to determme the overall lIkelihood of
puncture, crush, impact and fire scenarIOS (Clarke et al, 1976)
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TABLE 11.5
SUGGESTED FIGURES FOR RAIL TRANSPORTATION


Mamhne accident:


Yard accident rate:


Spill size dtstnbunon:


6 x 1Q-'/car-nnle


3 x 1{)-6/car-mtle


0.5 for 10% cargo loss through a 2" hole, or
3,000 gallons


o2 for 30% cargo loss through a 2" hole, or
10,000 gallons


o3 for complete loss of a cargo load, or about
30,000 gallons on average


Note: Worksheet 11.2 demonstrates how these figures can be used to esttmate annual
accIdent probabilittes and associated spill probabilittes for nul transportatton
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WORKSHEET 11.2


ESTIMATING BULK RAIL TRANSPORTATION RELEASE FREQUENCIES


Hazardous Material(s):


Number of Cars Per Year:


Number of Car-Miles in Yards:


Number of Car-Miles on Mainline:


A=--------------
(loaded cars only)


B=--------------
(nules per tnp m JunsdIcnon)


c=--------------
(nules per tnp m JunsdIcnon)


Accident Frequency: D =(A x B x 3 x 1(}6) + (A x C x 6 x 10-7) = (accldents/year)


Spill Frequency: E = D x 0 15 = (spllls/year)


Spills by Size·


10% loss of cargo (2" hole) or 3,000 gal: Ex 0 5 = (spllls/year)


30% loss of cargo (2" hole) or 10,000 gal: Ex 0.2 = (spllls/year)


100% loss of cargo or 30,000 gal:


Notes:


Ex 0 3 = (spllls/year)


*The user may consIder all three scenanos for consequence modellIng and plannmg
purposes or just the largest spill
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I, '!I'"


• DetaIled conSIderation of specIfic types of accIdents and assocIated leak sizes.
(Note One study m Fmland consIdered 14 types of accIdents and four
categones of leaks, including valve leaks, broken valves, moderate breaks and
punctures, and large breaks) (Lautkaskl et al, 1979)


• Separate conSIderation of different classes or qUalIty of track (FRA, 1988,
glVes some the additional mformation needed for thIS type of evaluation)


• Separate conSIderation of mamlme, yard, and SldmgS


Use ofResults in Consequence Analysis


Each of the three aCCIdent scenanos denoted and evaluated above actually provides the
user Wlth two options, the frrst bemg assumption of a certmn percentage of cargo loss
through an onfice of a given SIze, and the second bemg assumption of a speCIfic total amount
of cargo loss For example, m the frrst scenano conSIdered, the user can assume that 10% of
the total cargo of the vehIcle IS discharged through a hole haVlng a diameter of two inches, or
alternatively, SImply assume that 3000 gallons of presumably hquid cargo are released before
the discharge IS termlnated for one reason or another under average accIdent conditions
These results are based on generalized histoncal records of past aCCIdents and provide one
way m WhICh the ultimate consequences of an mCldent can be evaluated by use of the
analysis procedures discussed m Chapter 12 of thIS guIde. Conversely, depending upon the
type of hazardous matenal mvolved and the deSIreS of the user, these scenanos can be further
refined for consequence analySIS purposes, takmg better advantage of locally avmlable
mformation.


Where the user Wlshes to assume a fixed percentage of cargo loss (thIS requmng
knowledge of total cargo amounts) or a flXed amount of sp111age for hqUld cargos, the sp111
can be assumed to take place mstantaneously, thus obVlating need for use of discharge rate
and duration esttmation methods discussed in Chapter 12~ and avmlable m the computer
program proVlded WIth thIS gUIde. It IS cautioned, however, that the assumptIon of an
mstantaneous release in such SItuations may greatly overestimate resulting hazard zones from
evolution of tOXIC or flammable vapors, frres, or explOSIOns SplIl amounts presented m umts
of gallons of hqUld can be converted to the umts of pounds requrred by the computer
program by use of the following expressIOn.


Amount in pounds =8.34 x Amount in gallons x Liquid specific gravity


Where a hole SIze is speCIfied and cargo tank or compartment dImenSIOns are known, It
IS alternatively pOSSIble (and recommended) to utihze avmlable discharge rate and duratIOn
esttmation procedures to obtmn an ultimately more realIStic indicatIon of aCCIdent conse
quences This IS partIcularly adVIsable when the cargo IS a compressed gas, a hquefied
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compressed gas, or an othel'Wlse highly volatile material. The suggested percentage of cargo
loss, when less than 100%, can be Ignored, if necessary, m deference to the results obtaIned
from the discharge models.


11.5 BULK TRANSPORTATION OF HAZARDOUS MATERIALS BY MARINE VES
SELS


A large portion (about 550 million tons m 1982 accordmg to the OTA) of the
hazardous materials shipped annually m the Umted States IS transported by barge or other
marine vessel on coastal and Inland waterways. ExtensIve regulations cover safety proce
dures, cargo documentation, vessel construction and certlficatlon, hazardous matenal
transfers, and the handling of explosives or dangerous cargos withm or near waterfront
facilities. Individual shIpments can be vastly larger than those conveyed by raIl or truck due
to the size dIfferences among these conveyences.


The pnmary types of marme vessels used for bulk transportation of hazardous goods
are bulk liquefied gas carners, chemical tankers, 011 tankers and tank barges, but bulk cargos
may also be found in smaller tanks placed on the decks of vessels or m standard mtermodal
cargo contamers. Some barges are self-propelled but most are deSIgned to be pushed by a
tugboat singly or in arrays called "tows". Marme transportation generally mvolves volumes
of 300-600 thousand gallons m barges, though some such vessels are of far larger capacIty.
Tank shIps can have capaCIties that are ten times or more greater (OTA, July 1986).


CommodIty flow data are compIled faIrly ngorously for manne transportation Crude
petroleum, petroleum products, and chemIcals and hquefied gases constitute a large fraction
of all shIpments m and out of most major ports. Petroleum products mclude alcohols, crude
oil, refined fuels, solvents and reSIduals. TYPICal chemIcals mclude sulfunc aCId, benzene,
toluene, sodium hydroxide, morgamc speCIalIty products, and fertIhzers. The most frequent
ly transported hquefied gases are propane and butane, but anhydrous ammoma, chlonne,
propylene, butylene and butadiene are also frequently transported by water, as are many
other bulk commodities


Causes andExamples ofPast Accidents


Manne transportation IS generally at slow speeds and mvolves many precautions and
traffic controls Hence, It has the lowest aCCIdent rate per ton-mIle and the lowest number of
accidents. However, the large energies mvolved when these maSSIve vessels strIke each
other or other objects can result m severe consequences at times m terms of cargo loss As
With other modes of transport, small releases can result from problems With gaskets, flanges,
valves or even the tanks themselves. The separation from population lImIts the consequences
of small releases, however.
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A few examples of accIdents mvolvmg manne transportation of hazardous matenals
mclude:


• A total of 23,000 gallons of leaded and unleaded gasolme sp1l1ed mto the
southern approach to Cape Cod Canal when a barge ran aground. The Army
Corps of Engmeers and the Coast Guard responded WIth divers and marme
safety personnel to assess the damage after the tugboat called for assIstance.
The Coast Guard expected the sea current to diSSIpate the spIll Envrronmen
tal damage was Said to be mmtmal. There were no deaths or mJunes
(August 18, 1986)


• A colliSIOn m the Houston ShIp Channel between a tug and barges and a grain
ship resulted in an explOSIon and fire mvolvmg one 33,000 gallon tank of
butadiene. Two burnmg barges were towed to sea where they burned for five
days. (August 7,1980)


• A 565-foot long tanker carrymg two mdhon gallons of gasohne rammed an
unhghted 011 dnlhng ng m the Gulf of MeXICO. The tanker caught fIre and
had to be abandoned. (August 21, 1980).


• A barge carrymg 400,000 gallons of acrylomtrde struck the Galveston
Causeway railroad bndge and Igmted Resultant explOSIOn caused one end of
the barge to smk and release an unknown amount of chemical mto the water
(January 3, 1982)


• Up to 40,000 pounds of hydrobromiC acId spllled mto the MIssIssIppI
waterway after a colliSIOn between two shIps. VIOlent reactions between the
acid and water requIred evacuation of 3000 people on the adjacent shore
(July 22, 1980)


Suggested Approach for Assessment ofAccident Potential


Based upon the mfonnatlon and data presented m Appendix F, and gIven the
understanding that harbors and inland waterbodtes are of greater concern than shIpping
actiVIties on the open ocean and/or otherwise distant from coastlines (m tenns of the
distances typIcally assocIated with spIll effects that may pose a threat to human hfe and
health), aCCIdent rates and other spIll charactenzatlon factors are presented below for.


• ColhslOns m lakes, nvers, and mtercoastal waterways
• Groundings m lakes, nvers, and mtercoastal waterways
• Colhslons and groundings m harbors and bays
• ColliSIOns/casualties while vessels are moored/docked
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An accident rate of 1(}s/mIle of travel IS suggested for use for colhslOns in the fIrst
category to cover both the lower expected accident rates on certam slow speed waterways
and the higher ones for congested, highly utthzed routes. Based on Gulf Intercoastal
Waterway (ICWW) stattsttcs, a groundmg casualty rate of 5 x 1Q-6/ mIle IS suggested for the
serious type of groundmg wmch could lead to a release. Note that thiS IS also a "per mIle"
rate. The harbor/bay area groundmg and colhslOn rate given below IS "per transit", whIle the
moored collision rate IS "per port call." (There are two transits per port can) The suggested
rate for groundmgs and colliSions m a harbor area is 1(}3/translt, whIle the suggested casualty
rate for moored or docked vessels IS 2 x 1(}4 per port call.


Ifno msttnctton is bemg made Wlth regard to vessel type and constructton, It should be
assumed that 0.15 (15%) of aCCidents result in actual loss of cargo to the envrronment
Alternatively, it can be assumed that aCCidents mvolvmg smgle-hulled vessels result m cargo
loss 0.25 (25%) of the ttme and that aCCidents involvmg double-hulled and bottomed
watercraft result in cargo loss 0.05 (5%) of the ttme.


The recommended mstnbutton of spill amounts IS:


• 10% loss of cargo m one tank/compartment -- 35% of the ttme
• 30% loss of cargo m one tank/compartment -- 35% of the ttme
• Full loss of cargo m one tank/compartment -- 30% of the time


This distribution is weighted toward more severe events than the spill distnbutions presented
earlier, because the earher dlstnbuttons are heavIly mfluenced by Inlnor fittlng leaks.


Table 11.6 summarizes the aCCident rates and other factors suggested for use, whIle
Worksheet 11.3 outhnes the procedure for deterInlnmg the annual average probabIlity of an
accident involvmg spills of various amounts. A copy of the worksheet should be completed
for each hazardous matenal or group of slInllar matenals transported in bulk by waterborne
vessels through the community or other Junsdlction of concern. Local mformatton that Wlll
be reqwred to accomphsh the effort mcludes:


• Material(s) of concern


• Maximum tank capacity of vessels carrying thiS material


• Total number of lake, river, or mtercoastal waterway Inlles m the area,


• Total ships traveling this route m a year,


• Total, cargo barges/tankers entenng and eXlttng the bay area or harbor,


• Total barge/tanker port calls,
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TABLE 11.6
SUGGESTED FIGURES FOR MARINE TRANSPORTATION


Accldent Rates'


Cond1tlonal Splll Probablhtles'


Splll Slze Dlstnbutlon:


lQ-S/nule for collisIOn on lakes, nvers and mter
coastal waterways


5 x 1(}6!nule for groundings on same


lQ-3!translt for colhslOns and groundmgs m
harborslbays


2 x lQ4!port call for colhslOns!casualtles whlle
moored


o15 1f usmg one rate regardless of vessel


o05 for double-hulledldouble-bottomed vessels


0.25 for smgle-hulled vessels


0.35 for 10% loss of one tank or compartment


0.35 for 30% loss of one tank or compartment


0.30 for 100% loss of one tank or compartment


Note: Worksheet 11.3 demonstrates how these figures can be used to estlmate annual
accldent probabilitles and associated spill probabilitles for marme transportatlon.
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(miles withm Junsmcoon)
A=---------------


(loaded transits only)
C=---------------


WORKSHEET 11.3


ESTIMATING BULK MARINE TRANSPORTATION RELEASE FREQUENCIES


Hazardous Material(s):


Length of Lake, River, ICWW
Route*:


Annual Number of Trips on Route*: B=----------------
(loaded tnps only)


Annual Number ofTransits of Har
borlBay*:


Annual Number of Dockings*: D=----------------
(loaded doclangs only)


Accident Frequency: E = (A x B x 1.5 x 10-5) + (C x 10-3) + (D x 2 x 1(}4)=-----
(accIdents/year)


Spill Frequency+: F =E x 0.15 = (spills/year)
(all vessels) -----


OR


F = E x 0.25 = (spIlls/year)
(smgle hull) -----


F =E x 0.05 = (spIlls/year)
(double hull) -----


Spills by Sizeo


10% loss of one tank or compartment:


30% loss of one tank or compartment:


100% loss of one tank or compartment:


F x 0 35 = (spills/year)


F x 0.35 = (spills/year)


F x 0 3 = (spIlls/year)


Notes:


*H applicable
+H it is known how many vessels are smgle-hulled and how many are double hulled, thIS
worksheet can be completed twice; the fIrSt orne for smgle-hulled vessels and the second for
double-hulled.
o The user may consIder all three scenanos for consequence modellIng and planmng purposes
or just the largest spIll.
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• Total nver miles In the area,


• Number of barges/tankers travehng the nver route In a year.


When totalIng barge/tanker port calls or harbor transits, remember to count only those
InvolvIng actual carnage of hazardous matenals. Empty vessels may pose some nsk of frre
or explosion, but are not as Important as loaded vessels. Also, note that all of the data hsted
above may not be needed for every location. For example, a commumty located on a nver
and not haVIng a harbor or bay area only needs the total nver mIles and number of ships
travehng the nver. In thiS case, only movIng colhslOns and nver groundings would be of
Interest.


Nommpact casualties, such as frre/exploslOns, hull and machInery damage or break
downs, and structural faIlture have a very low hkehhood of occurrence It IS not considered
necessary to Include them In the analysIs


AdditiolUll Data/Methodologies


A more detaIled and accurate analysIs may be performed t.f one chooses to denve the
appropnate casualty rates and conditional probablhtles for a specific harbor or water route
USIng local data. An accident rate may be derived by combInIng a measure of vessel
movements With the number of past aCCidents reported for the type of movement bemg
looked at The movement measure may conSIst of' 1) the total waterbody, nver, or waterway
miles traveled; 2) the total port calls made; or 3) the total harbor tranSIts Counts should be
made only for loaded hazardous material tankers and barges The number of aCCIdents IS
then diVided by the total number of tranSIts or mIles, as appropnate, for a sImtlar penod of
ttme to determtne the aCCIdent rate.


Conditional spIll probabIhtles and spill dIstnbutions are denved m a sImtlar fashIon
The probabihty of a spIll IS obtamed by diVIding the number of spIll aCCIdents by the total
number of accidents that occurred for a speCIfic type of movement A spIll amount
dIstnbution from local or national data can then be applted to determtne the percentage of the
spills expected In vanous SIze ranges.


Several other means eXIst for estimating the probabIhty of Manne casualties and spIlls
but they are generally htghly techmcal, tlme-consumtng, and occaSIOnally qUIte expenSIve.
The reader IS directed to the reference hst at the end of the chapter for further mformatlon
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Use ofResults in Consequence Analysis


Due to the special nature of the dIscharges from manne vessels, and dtfficulues m
estimating dIscharge rates and durauons when there IS water outsIde the cargo tank rather
than air, it IS recommended (m the absence of more specIfic mfonnauon or assumpuons) that
all dIscharges be assumed to take place mstantaneously for emergency plannmg purposes.
Spill amounts available in umts of gallons of hqUld can be converted to units of pounds by
use of the followmg expreSSIon'


Amount in pounds = 8.34 x Amount in gallons x Liquid specific gravity


11.6 TRANSPORTATION OF HAZARDOUS MATERIALS BY PIPEUNE


Plpelmes m the Umted States pnmanly carry petroleum hqUlds, such as crude 011,
gasoline and natural gas hqUlds, and energy gases whIch mclude natural gas and hquefied
petroleum gas (LPG). To a much smaller extent, plpehnes also transport ethane, ethylene,
liquefied natural gas (LNG), anhydrous ammonia, carbon monOXide, sour (hydrogen sulfide
containmg) gas, and many other chemIcals. The maJonty of these plpelmes are between a
limited number of supphers and users, as opposed to natural gas transnnSSIOn lines. Low
pressure gas distnbuuon hnes found wlthm many ClUes and towns are not the focus of thiS
section.


Pipehnes are generally constructed out of steel, although some cast Iron IS sull muse
and plasttc, mckel alloys, stamless steel, carbon steel and other materials are also used.
Diameters also vary tremendously, from 2 to 4 mches to 36 mches and over. The more
hazardous materials tend to be conveyed m hnes at the smaller end of the SIze range
Pressures also span a WIde range, and can be several thousands of pounds per square inch or
more in the hIghest pressure hnes encountered.


In order to reduce faIlures caused by corrOSIon, plpehnes are frequently coated and/or
cathodIcally protected. Lmes may also be msulated, heated, double-pIped for addIuonal
protection and control, and protected WIth leak detectton and shutdown systems.


Causes andExamples ofPast Accidents


Ptpehne faIlures may be a result of


• Internal corrOSIOn -- espeCIally on two-phase flow hnes and those m sour
servIce


• External corrosion -- from defects m protecuve systems, m cased crossmgs
beneath roads and raIlway hnes
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• External unpact -- due to farm or construction machInery


• Structural fatlures or mechanical defects -- as a result of defective seams or
welds


• Natural hazards -- from seisDllc events, subsIdence, etc.


Operating errors and construction defects are also potential causes of plpehne mCldents.
Leaks may also occur at valves and pump stations.


Whtle there are over a thousand leaks reported each year, many of these are very small
and have minor or no consequences to the pubhc For mstance, 1984 data show the
followmg number of inCIdents and deaths resulting from plpehne fmlures (Transportation
Systems Center, 1985):


No. of failures No. of deaths


Gas pIpelines 967 35


LiqUId pipelines 188 0


These rates are not particularly consistent from year to year. In 1983, there were 1575 gas
plpeline fallures, but only 12 deaths resulted There were also 6 deaths from hqwd plpehne
fatlures.


The followmg three examples Illustrate typICal accidents mvolvmg plpehne transport of
propane and natural gas No inJunes occurred in these accidents because of theIr remote
locations.


• In Port Hudson, MIssouri, propane escaped from a plpelme, flowed mto a
sparsely mhabited valley, IgnIted, and exploded with a blast equIvalent to 50
tons of TNT. No fatalttles or injuries occurred because the area was so
sparsely inhabited. (September 12, 1977)


• In Prattville, Alabama, a natural gas plpehne exploded mto two ftreballs, and
shot flames 600 feet high. Two houses were scorched; 200 people were
evacuated, but no one was hurt. (July 12, 1986)


• A natural gas plpehne explOSIon IgnIted a 2oo-ft flame Jet and left a huge
crater: 60 ft across and 20 ft deep. No one was mjured but an unmanned
metenng station at the acCident site was destroyed. (November 2, 1985)
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Another typical pipeline accident dId not have so fortunate an outcome as the above
three.


• In Jackson, LoUIsiana, a natural gas pipeline explosion resulted In 50-foot
high flames. The blaze was battled by frrefighters for several hours. The five
dead and twenty injured were gas company employees repairIng the pipelIne.
(November 26, 1984)


Suggested Approachfor Assessment ofAccident Potential


Based on the informatIon presented m Appendix F, an aCCident rate of 1.5 x 1(}3/ml-yr
is suggested for lmes of unknown size or lmes less than 20" in dIameter For pipelInes With
dIameters greater than or equal to 20", a rate of 5 x 1(}4/ml-yr is proposed.


The following spill size dIstnbution, mcorporating the limIted data aVailable , IS
suggested for analYZing pipeline releases of hazardous matenals·


• For liqUId pipelines: discharge computed usmg consequence analysis proce
dures of Chapter 12 assummg a complete lIne break along the route of the
pipeline - - - 20% of the time


• For gas plpelmes: dIscharge computed usmg consequence analysIs proce
dures of Chapter 12 assummg complete lme break along the route of the
pipeline - - - 20% of the tIme


• For either gas or lIquid pipelines. 1 hour release through 1" hole - - - 80% of
the tIme


Table 11.7 summanzes these rates, and Worksheet 11.4 demonstrates the procedures for theIr
use.


The apphcation of thIs matenal requires local mformatIon on:


• Material of concern
• Length of plpelme withm JunsmctIon
• Pipelme diameter
• Flow rate (capacity) of pipeline
• Presence (or not) of a leak detectIon and emergency shutdown system


Should a pipelme be a very short segment between two facilitIes, It is poSSible to include it
with one of the facilitIes, rather than analyzmg It separately.
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TABLE 11.7
SUGGESTED FIGURES FOR PIPELINE TRANSPORTATION


Accident Rates:


Splll Size Dlstnbution:


1.5 x 10 3/mi-yr With diameters less than 20"
of Ifdiameter IS not known


5 0 x 10-4/nn-yr hnes With diameters greater
than or equal to 20"


0.20 for 15 nun. (or 1 hour If no emergency
shutdown) at the capacity flow rate through
an onfice equal to the pipe size


0.80 for 1 hour release through 1" hole


Note: Worksheet 11.4 provides guidance on how to utilize these rates and probabllioes
for estimating releases of hazardous materials from pIpelines.
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WORKSHEET 11.4


ESTIMATING PIPELINE RELEASE FREQUENCIES


Hazardous Material(s):


Length of Pipeline of Unspecified
Diameter:


Length of Pipeline < 20" in Diameter:


Length of Pipeline ~ 20" in Diameter:


A=----------------
(nules in Jurischctton)


B=----------------
(nules in Junschctton)


C=-----------------
(nules m Junschctton)


Spill Frequency: D = (A x 1.5 x 1(}3) + (B x 1.5 X 1(}3) + (C x 5 x 1(}4) =__(spl1ls/year)


Spills by Size·


1 hour release through 111 hole: D x 0.8 = (spills/year)


Complete line break calculated according D x 0.2 = (spl1ls/year)
to procedures gIven in Chapter 12:


Note:


*The user may consider both scenarios for consequence modelling and planning purposes
or just the scenario posing the greatest threat to public safety. If several pipehnes have
been grouped by chameter, the hne posmg the greatest threat should not automattcally be
assumed to be the line with the largest diameter within any group. Rather, the various
pipelines should be inchvldually evaluated usmg the consequence analysis procedures
descnbed in Chapter 12 to determine the actual worst case scenano, If thIS IS desll'ed.
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AdditionalDatalMethodologies


The main alternative to the applOach gIven above IS the specIfic conSIderation of
pipeime desIgn and the operating enVIronment to more precIsely determIne the faIlure rate
assocIated WIth each potential cause of fallure (Techmca, 1983).


Use ofResults in Consequence Analysis


For pipeimes conveymg compressed (but not lIquefied gas), the consequence analySIS
procedures described m Chapter 12 and mcorporated mto ItS aSSOCIated computer program
are fully capable of estlmating the rate and duration of gas release from eIther full lIne breaks
or smaller leaks.


Due to the compleXIty of the problem, the computer program's lIqUId pIpelIne
dIscharge model IS only capable of addressmg full lIne breaks It w111 be necessary to consult
With the pIpelIne owner or operator for assIstance m estimating dIscharge rates and durations
for outflows from one mch dIameter holes 1f these scenanos are conSIdered worthy of
analySIS.


11.7 HANDLING AND TRANSFER OF HAZARDOUS MATERIALS AT FIXED
FACILITIES


A broad range of facl1lties may pose potential nsks aSSOCIated With the release of
hazardous matenals These can mclude. large refinenes, chemIcal plants, and storage
termInals, more moderately SIzed mdustnal users, warehouses, and Isolated storage tanks for
water treatment, small quantity users/storage as may be found m hIgh school and college
laboratones, flonsts, greenhouses, hardware and automotive stores, pamt stores, etc.


As a result of thIS broad spectrum of potential spIll sources, VIrtually no accurate data
eXISts to determIne the magmtude of thIS problem Manne termInals and loadIng/unloadIng
actiVIties for raIl cars and trucks are somewhat more Widely reported and are conSIdered
withm thIS overall category.


FEMA has a database that Identifies the number of chemIcal and petroleum facllIties by
county. These faCIlIties are broken down mto chemIcal and allied products, petroleum and
coal products, and rubber and mIscellaneous plastic products No aCCIdent mformatlon IS
maIntaIned, however As of 1981, there were 16,000 chemIcal process mdustry plants WIth
20 or more employees and 6,000 plants With 100 or more employees Los Angeles and Cook
(llimOls) countles each have over 200 plants The number of countles WIth between 11 and
50 plants IS 160, all the rest have ten or fewer plants About 50% of all the countles m the
U.S. have no chemIcal process mdustry plants (Cheok et al, 1985) (ThIS IS not to say that
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there are no facilitIes handlmg hazardous matenals m these countIes.) McGraw HIll has
published a map of the plant locatIons and a booklet entItled "Census of the Chenucal
Process Industnes."


Causes and Examples ofPast Accidents


Releases from fixed facultIes may anse from storage tank or contaIner ruptures or
leaks, pipmg ruptures or leaks, releases through safety and rehef valves, :frre-mduced
releases, other equipment failures, maltclous or dehberate actIons, overfills and overflows of
storage tanks, human errors, open valves, faded loading hoses, or Improper hose connectIons
These may generally be grouped mto three categories for large faClhtIes:


• Transfer, loadmg and unloadmg actIVltIes
• Processmg actiVltIes
• Storage tanks and thelI spul control systems


Smaller facilitIes may not have any processmg actIVltIes


Transfer areas mclude plpehnes, pumps, valves, and control instrumentatIon needed to
achteve the movement of matenal Wlthm a facility. The loadmglunloachng area Involves the
most handlmg operatIons and the largest potentIal for human error In most faClhtIes. This IS


where the raw matenals are brought In and products and by-products are removed, and
temporary connecttons are frequently used. The storage area may be for raw materials,
intermedIates, products, or by-products. The greatest volumes are contaIned here, so spill
sizes can be quite large. The processing area has eqUlpment for raw matenal conversion Into
products. This is the area that wtIl only be found m a plant, whde handling and storage
activities may take place at warehouses, water treatment faclhttes, greenhouses, and
numerous other types of mIscellaneous faculttes.


Examples of a broad spectrum of aCCidents are given below These cover events which
start With a release of hazardous matenals, as well as those where a flre propagates mto a
hazardous matenals release.


• A natural gas plpehne rupture at a Texas refinery caused a senes of
explosions and :flIes Two hundred :flIefighters worked nearly SIX hours to
control the blaze fed by three other propane plpehnes Two refinery
workers were killed; a town of 1,200 people was evacuated. Damage to the
complex was predIcted "mto the nulhons" At least three slnular explo
sions had occurred m the area m the pnor five years.
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• Lightning struck a power pole m a cheIDlcal plant, then Jumped to a tank of
dIlute hydrochlonc acId, damagtng a tank valve. A cloud of gas floated
across several nearby neighborhoods. Hundreds of resIdents were forced to
evacuate their homes; three plant workers were injured (August 1, 1980)


• A refrIgeratIon lme at an Ice cream plant m Burbank, Cahfomla ruptured
spdhng 300 gallons of anhydrous ammoma FIrefighters sprayed water to
control the fumes unttl the mam valve could be shut off and the leak
stopped. Eleven people were hospltahzed and 60 resIdents were forced to
leave the surroundmg area. (November 13, 1984)


• In Covmgton, Kentucky a chlonne gas cyhnder ruptured at a swtmIDlng
pool jammed WIth about 300 swimmers More than 140 people were
hOSpItalIzed; no serious mJuries were reported. (June 21, 1981)


• At least 11 people were injured and 100 persons evacuated from a
one-square IDIle area East Los Angeles after 100 gallons of chlorme
overflowed from a storage tank. (March 1, 1982)


• A 25,000 ton storage tank in Portland, Oregon, dIscharged 3-5 tons of
anhydrous ammonia due to a valve malfunction. An area three IDlles
downwind was evacuated while response personnel used water fog to
knock down vapors and had the spill vacuumed. (February 5, 1982)


• Falhng eqUIpment sheared off a pIpe leading to a tank of hydrQfluonc acId.
There were 66 senous mJunes and roughly 3000 people were evacuated
around the Texas CIty od refinery Water fog was used to help control the
vapor cloud and the tank contents were transferred. to adjacent rad cars.
(October 31,1987)


• More than 16,000 south ChIcago reSIdents were evacuated from the VlClntty
of a bulk storage and terIDInal when a silicon tetrachlonde storage tank
sprang a leak. The escapmg hqUld, on the order of 150,000 gallons, reacted
With the moisture m the aIr to fonn hydrogen chlonde, resultmg in a dense,
corroSIve, choking plume that stretched 5-10 miles downwmd at tImes It
reqUIred 8 days for authontIes to stop the leak, neutralIze the spdlage, and
transfer remaming tank contents to other contamers. ApproXimately 100
people were hOSpItalized dunng the inCIdent. (Apnl26, 1974)
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• A truck dnver dehvenng sodIum hydrosulfide to a Chtcago leather
company was dIrected to the wrong valve and began unloadmg the sodIum
hydrosulfide cargo into a tank of chromic aCId. The reaction of the two
chemIcals released a deadly gas, hydrogen sulfide. Over 170 persons
workIng inSIde the four-story tannery were overcome by the gas; a total of
eight dIed and twenty-nme were mJured. (February 14, 1978)


There is one last type of accIdent that ments specIal attentIon for fixed facllltIeS,
whether they be small or large. Thts IS the potentIal for external events to cause releases,
with earthquakes bemg of parttcular concern Any natural dIsaster can cause releases as well
as affect responses For mstance, transportatIon and access to the facllity may be restncted,
water hnes for fire protectton may be broken, and resources may not be adequate to cover all
situations simultaneously WIthin anyone SIte, an earthquake may lmparr the integnty of
containment (e.g., dikes) and/or may cause multtple contamers/tanks to fall, thereby
exceeding the capacIty of dikes, curbs, or other types of contaInment. Junsdicttons
particularly prone to such natural events as major earthquakes and floods should consIder a
more formal analysIs of facility nsks, takmg into account the presence or lack thereof of
appropriate protecttve measures for these threats.


Suggested Approachfor Assessment ofAccident Potential


Based upon the informatton presented in AppendIx F, the approach suggested for
getung a handle on fixed facllity accIdent scenanos IS to consIder three baSIC types of release
events for plants; one or two release scenanos for facillttes such as water treatment plants,
laboratories and mdustnal facilitIes; and one release scenano for warehouses and other
facilittes storing hazardous matenals. It has been shown that very httle specIfic hlstoncal
informatton eXlsts upon whtch to base acCIdent rates. Hence, the best general approach IS to
look at eqUlpment failure rates. The mcreasmg use of phYSICal barriers to hmIt spills,
drainage systems to channel spIlls, and venttng and scrubbmg systems to control releases all
help to render thts simplIfied aCCIdent estimatton procedure more meanmgful.


For example, a large faclhty may be coarsely modelled as haVIng storage operations,
loading/unloadmg operattons, and processmg operations. These can respecttvely be repre
sented by storage tank fmIures and leaks, hose fmlures, and plpmg and process vessel
fmIures. The rates suggested for each of these are.


Storage tank - double walled
Storage tank - smgle walled
Pressure vessels
Inplant pIping


1(}6/tank-year
1(}4/tank-year
l(}4/vessel-year
1.5 x lO-6/ft-year
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Loadmg hoses lQ-4/operatIon or
l()-2/hose-year


\Vlllie these certainly do not cover all potential release scenanos, they do capture some of the
more lIkely ways to lose large volumes of matenal. The only pipmg of pnme concern is that
of relatIvely large diameter and long segments. In other words, a l00-foot expanse of 8" pipe
should be counted dunng assessment of fmlure potential if it contmns hazardous matenals,
but not 10 or 20 foot sectIons between vessels. As shown m Table 11.8, the spill size is
generally taken to be a function of the specific release scenario.


For the middle category of mdustnal users, water treatment plants, laboratories, etc.,
the main focus should be on storage tank: or container failures. Piping failures or loading
hose fmlures may be considered if there is a Significant amount of pipmg (say over 100 feet)
or if there are frequent loading/unloading operations (say 10 or more per year). The rates to
be used are the same as those 11sted above and summarized in Table 11.8.


Storage of hazardous materials, such as m warehouses or greenhouses, may also result
in fmlures of storage containers, but the greater threat here is probably from a ftre which
spreads to the storage area and results in release, ignition, explosion, and/or combustIon of
stored matenals (with attendant evolution of potentially toxic smoke). The occurrence rate of
such fues is suggested to be 1()-3/yr resulting in a release of 10% to 100% of the stored
volume of hazardous materials -- as summarized in Table 11 8. This is one area in which
more specific local data and information would be particularly helpful for better deftnition of
scenarios and estimation of their likelihood. Worksheet 11.5 summarizes the overall
recommended procedure recommended for analysis of fixed facihties.


The data required for an analysis that generally focuses on the larger and/or more likely
(yet signiftcant) events at fiXed facilities are:


• Material(s) of concern


• Number, dimensions, capacities, and contents of storage containers or tanks


• Number, dimensions, capacities, and contents of other vessels with large
mventones of hazardous matenal (such as columns, separators, reaction
vessels)


• Size, length, and operatIng conditions of pipmg systems


• Number of unloading and loading operations per year, materials involved,
and transfer flowrates
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TABLE 11.8
SUGGESTED FIGURES FOR FIXED FACILITIES


ITEM


Chemical Plants


Double-walled storage tank


Single-walled storage tank or
pressure vessel


P1pmg


ACCIDENT RATE


1 0 x 1(}6/tank-year


1 0 x 1(}4/tank-year


1 5 x 1Q-6/foot-year


SPILL SIZE


100% of bme -- total amount of tYPiCal contents
released mstantaneously


90% of bme -- release of contents through 1" hole
unblleak can be plugged or othelWlse term10ated


10% of bme -- total contents released
mstantaneously


90% of bme -- release through 1" hole 10 wall of
pipe unblleak can be plugged or othelWlse
term10ated


Loadmghose


10% of bme -- complete rupture of pipe


1Q-4/loadmg or unloadmg or 100% of bme -- release through full hose duuneter
1Q-2{hose-year at 10ad1Oglunload1Og rate unbl flow can be


term10ated


Industrial Users, Laboratories, Water Treatment Plants


Storage tank!contamer


P1pmg (lfmore than 100 ft)


Loadmg hose (Ifused more than 10
umes/yr)


1 0 x 1(}4/tank-year


1 5 x 1(}6/foot-year


lO·"'/operabon or
102{hose-year


90% of bme -- as above for smgle-walled storage
tank or vessel


10% of bme -- as above for smgle-walled storage
tank or vessel


90% of bme -- release through 1" hole 10 wall of
pipe unblleak can be plugged or otherwise
term10ated


10% of bme -- complete rupture of pipe


100% of bme -- release through full hose diameter
at load1Og/unloading rate untll flow can be
term10ated


Warehouses and Other Storage Facilities


Storage contamers (drums. cyltnders,
etc)


1Q-3/year
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10% of bme -- 100% loss of total stored volume
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WORKSHEET 11.5
ESTIMATING FIXED FACILITY RELEASE FREQUENCIES


Hazardous Material(s):


Number of Process Vessels/Single-Wall A =--------------
Storage Tanks:


Number of Double-Walled Storage Tanks:


Length of Pipe:


B=--------------
C = (feet)


Annual Number of LoadingslUnloadings: Dl =--------------


(or number of hoses) D2=-------------
Spill Frequencies*


Process Vessels/Storage Tanks:


Double-Walled Storage Tanks:


PIpmg:


LoadlnglUnloadmg Hoses'


Spills by Size*+


Process Vessels/Storage Tanks
10% of contents (1" hole):


100% of contents:


PIpmg
release through 1" hole:


release through full pIpe dIameter for
tIme needed for shutdown or untIl
aSSOCIated tank: IS emptIed:


LoadInglUnloadIng Hoses
release through full hose dIameter
at transfer rate for tIme needed for
shutdown:


Notes:


E = A x 1(}4= (spills/year)


F = B x 1(}6 = (spllis/year)


G = C x 15 x 1(}6= (spIlls/year)


H = Dl x 1(}4= (spills/year)
OR
H = D2 X 10-2 = (spIlls/year)


Ex 0.9 = (spl1ls/year)


(E x 0.1) + F = (spIlls/year)


G x 0.9 = (spllis/year)


G x 0.1 = (spllis/year)


H = (spllis/year)


*Assumes that the consequences of releases wlll be based on the tanks, pIpmg and loadIng
hoses whIch gIve the worst consequences If deSIred, mdIV1dual components or smaller
groupmgs may be evaluated by completIng the worksheet separately for each groupmg.


+The user may consIder all these scenanos for consequence modelhng and planmng
purposes, or Just the largest splll m each category.


11-37







The more of this data available, the better. A fIrSt cut analysis could start Wlth Just the
storage tanks/contamers and any other large vessels, adchng loading activities and piping
only if the more mformatlon is desIred or needed. Tanks of smular size and contents may be
grouped together for probability analysis purposes, as may plpelmes.


AdditionalData/Methodologies


In adchtlon to the multi-tiered approach chscussed above, there are a number of more
detailed analysis procedures that are appropriate for flXed faClhtles. These generally requrre
more complete risk assessments whlch can be time consummg and expenSive, and which
mandate the complete cooperation of plant/facility management in order to obtain accurate
and complete results. Numerous data sources chscuss the ments and requrrements of such
analyses. Some starttng pomts might mclude CONCAWE: 1982, Atherton et al: 1980,
Simmons: 1974, COVO: 1982, and hterally dozens of other reports and hundreds of articles.


Use ofResults in Consequence Analysis


The choice of consequence procedures to be utthzed for any given potential source of
hazardous material discharge or spdlage depends on the type of container or tank involved
and the nature of the particular hazardous material contamed therem. Although Chapter 12
of this guide and its related computer program provide a Wlde vmety of analysIs tools to
assist users m evaluattng inchVldual accident scenarios, the large number of chverse
situations that may be encountered at many flXed facilities does not perm1t the proviSIOn of
detailed guidance for each and every case. Rather, emergency planning personnel need to
apply the following gmdelines With some degree of flexibility and common sense.


The first objective of a consequence analysis for a fixed facihty should be evaluation of
threats posed by storage tanks or process vessels that contain significant amounts of
hazardous materials. Releases from short lengths (10-20 feet) of pipmg attached to these
containers are included m the vessel failure rates Each container of this type should be
evaluated individually. If a length of Piping between containers can result m simultaneous
discharges from more than one container, thls fact should be considered m the analysIs. To
the extent possible, the analysIs should utlhze avmlable mformatlon on the operating
conditions of each vessel in terms of typiCal and maximum amount of contents, operating
temperature, pressure, and so forth. Any container of a substance With the potential for
runaway polymenzation, decompOSItion, or other unusual reactiVity hazard should be given
special conSideration and attention. (However, the frequency of such events cannot be
estimated usmg general hlstoncal data )
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Most mtraplant or faclhty plpmg systems will be attached to one or more storage or
process vessels and should consIder the amount of contents of such vessels. In addlnon,
larger hnes of sigmficant diameter and length may require analysIs VIa use of plpehne
discharge models to the extent that IS feasIble, or altemanvely, the use of tank discharge
models Although the procedures of Chapter 12 permit evaluanon of full lme breaks and
leaks from small holes m compressed gas plpehnes, only fullime breaks can be consIdered
for hqUld plpehnes Consequently, aSSIstance will be required from faclhty owners or
operators for analySIS of smaller hqUld leaks 1f thls lower consequence but hIgher probablhty
scenano IS to be addressed. If shutdown capablhty IS not known, a reasonable release
duranon may be assumed to be 15 mmutes


Loading hose fallures commonly mvolve transfers to and from transportanon vehIcles.
It will be necessary m many (but not all) such cases to assume a discharge rate eqUlvalent to
the cargo transfer rate through the hose, though the actual rate of discharge may be somewhat
higher (especIally mlnally). The potennal duranon of discharge should be determined by
mvesnganon of the presence of emergency shutdown systems, available response forces, and
the hkely nme needed for them to termmate the release by vanous means at therr disposal. In
no case, however, should the total amount of discharge exceed the total contents of the
storage tank and the transportanon velucle. While evaluanng such sltuanons, pay speCIal
attennon to sltuanons in WhIch manually acnvated emergency shutdown systems may be
present but not approachable due to the hazardous properues of the matenal bemg released
ObvIously, a truck driver may be reluctant or unable to approach a vehIcle to pull an
emergency shutoff valve lever If hIS veiucle IS vennng large amounts of a highly tOXIC,
flammable, and/or explosive gas or hquid. In the absence of such mformanon, a recom
mended release duranon IS 5 mmutes.


Evaluanon of consequences from small contamers or cylinders stored in warehouses,
laboratones, and a wide vanety of other commerCIal or pubhc facthnes will requIre
consideration on a case by case basIS where greater spectficity IS desired than that given m
Table 11.8 and Worksheet 11.5, giving due conslderauon to the nature of potennal aCCIdents
and therr hkely outcome. Gas cyhnder leaks can generally be evaluated in a drrect and
strmghtforward manner usmg the procedures of Chapter 12 and ItS related computer program
Note, however, that one of the most common major problems in thIS general type of faclhty
IS not leakage from one or more contamers but a rrre m the facIhty that mvolves the
hazardous matenals stored therem and produces large quannnes of tOXIC smoke that may
adversely impact downwmd areas. GIven the diverSIty of substances that may be mvolved,
there IS no Simple manner in which the downwmd area poSSIbly requrrmg evacuauon or other
protecnve acnon can be precIsely estimated m such events. Rather the general emergency
plan must be suffiCIently fleXible to permit on scene decisions durmg an actual emergency
and the rapId tmnanon of evacuauon or protecnve acnon acuvines.
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11.8 TRANSPORTATION OF PACKAGED HAZARDOUS MATERIALS


It has been estnnated that there are up to 700,000 vehIcles and vessels used to carry
hazardous matenals in small packages m the UnIted States (OTA, March 1986). Such
packages may be cylmders, drums, barrels, cans, boxes, casks, botdes, or other slmllar
containers, and are defined as havmg a capacIty of less than 110 gallons or 1000 pounds
They may be transported by aIr, water, rml (usually m box cars), truck or van Non-bulk
transportatIon of hazardous goods IS estnnated to represent 50% of the total tons shIpped by
truck and 80% of the total truck spIlls (OTA, July 1986) Up to 8% of the manne
transportatIon of hazardous matenals mvolves dry cargo barges carrymg portable tanks or
drums.


CommodIty flow mfonnatIon for such shIpments IS very lmllted due to the large
number and vanety of shipments that take place and a lack of repomng requIrements Thus,
there IS also a lack of accIdent rates or splll amount dlstnbutIons whlch can be apphed on a
general basis. But the small amounts of matenals involved usually (not always) Imply
hmited consequences m the event of a release.


Causes andExamples ofPast Accidents


The causes of releases from small packages mclude:


• Improperly tightened or faulty fitttngs, valves, and closures


• Dropping packages (whlle loadlng/unloadlng or m tranSIt)


• Puncturmg packages (agmn whlle handlmg or m transit)


• Improper blockmg and bracmg whlch allows packages to move, fall or fail
from Impact or crushmg while in a vehlcle


• FIreS


• Freezing, gettIng wet, or other severe envIronmental exposure


Examples of some mCldents mvolvmg small packages are given below. These
particular examples cover transportton as well as loadlng and unloading inCIdents


• Ten employees were treated and released when a contmner of arsenIC
tnchlonde was found ruptured as a truck was bemg unloaded (July 19,
1985)


11-40







• A drum loaded with pesticide began lealang Its contents as It was being
transported on a flatbed truck near Cologne, Germany. The sman spill
formed a large gas cloud which was toxic and corrosive. Traffic had to be
halted for a considerable time to allow clean-up crews to neutralize the
situation. (May 15, 1985)


• A container loaded With drums of phosphorous was being lifted by crane
from a barge to the dock when It Igmted after an adjacent obstruction
punctured a drum through the contamer walls. The crane dnver submerged
the entire container In the water away from the barge. The phosphorous
relgmted when the container was placed on the dock; by then the fue
department had arnved and eXtinguished the fue With dry powder. No
deaths or Injuries resulted. (May 15, 1986)


• In a Houston port, a freight contamer explosion from Improperly packaged
aluminum phosphide kIlled a dock worker. When Inspectors from the
Manne Safety Office opened the container, boxes of high explosives were
found, even though the alummum phosphide had warning labels marked,
''Do not store With high explOSives." (January 20,1986)


• AIDld heavy tounst traffic, a truck dnver noticed that water was leaking
from hIs cargo, drums containing nuclear reactor sludge Further Inspection
at a busy truck stop showed that the hole In the drum had been patched With
electnclan's tape. (November 14,1979)


Suggested Approachfor Assessment ofAccident Potential


The aVaIlable aCCident data covers aCCidents per UnIt of handling for a package
(Without deSignation of spill or nonspll1 events) (Kloeber et al, 1979), and there are a few
data sources (ICF, 1984) whIch give release fractions for tranSit as well as at associated
termmals. The methods needed to take advantage of these data, however, requrre more
Information than can be obtained by emergency planning personnel With a reasonable amount
of effort In the vast maJonty of cases


The approach suggested IS to Identify particular shipments of concern whIch were
discovered durmg Initial data collection efforts and to only analyze those selected materi
als/shIpments which involve suffiCient volumes of matenals to pose major hazards The
basiC approach IS to then utillze the baSIC aCCident rates for ratl, marme, or hIghway transport
as dictated by the type of transportation takIng place, and to combine the resulting annual
aCCident rate With the fraction of acCidents expected to result In a spill or discharge. As a frrst
pass on estimating the spill Size dIstnbUtion, conSider USing:
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• Loss of one container (or group of contamers, such as 12 bottles m a box)
--- 90% of the tlme


• Full loss of cargo (all containers) --- 10% of the tlme


AdditionalData/Methodologies


Should more precise estnnates be needed, one of the more detailed methodologies
should be utilized (for example, see ICF, 1984, and the references contamed therem).


Use ofResults in Consequence Analysis


Given the relanvely small amounts of hazardous matenals transported m mdlvldual
packages and the manner m wmch most fall, the best course of action for consequence
analysIs purposes IS to assume that the amount of cargo speclfied dIrectly above IS released
instantaneously to the envrronment


11.9 TRANSPORTATION OF HAZARDOUS MATERIALS BY AIR


The transportation of hazardous matenals by arr IS generally hmlted to small packages,
but this category of accidents also apphes to crop dusters applymg pesncldes. The matenals
transported by arr are usually of high value or of high pnonty time-wise. The annual tonnage
shipped IS between 200 and 300 thousand tons, but thiS mvolves a very large number of
shipments One study (OTA, March 1986) reports that m an evaluanon of the arr cargo
packages at 39 major arrports, 5% mvolved. hazardous matenals.


As demonstrated. at the begInnmg of thiS chapter, there are relanvely few hazardous
materials mcidents each year mvolvmg thIs mode of transportanon. One source (Hazardous
Materials Intelligence Report, May 31, 1985) found that there were only 6 mCldents m 1984
which resulted. m death, injury or more than $25,000 of property damage on a nationWide
basis. The acCidents tend to concentrate m the VICInIty of arrports, as nught be expected.


There are numerous regulanons covenng the transportanon of hazardous goods by arr,
includmg quantity restnctions and detailed regulanons mvolvmg packagmg. Many mCldents
which occur have been shown upon mvestigation to mvolve vlolanons of these regulanons


In terms of emergency response plannmg, there IS httle that can be done to accurately
determine a communIty's potential vulnerablhty to thiS type of aCCident, and admIttedly,
there is a quesnon of whether plannmg should go beyond the development of commUnIca
tions links with airport facl1ltles that handle hazardous matenals, and the Identlficanon of
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those locations where hazardous materials may be found on airport property This observa
tion follows from both the very low frequency of serious mcidents and the extremely
mcomplete data available on commodlty flows.


Crop dusters present a special case. Although acctdent rates and specrlic consequences
cannot be predIcted m advance due again to a ranty of senous inCidents, it IS a good idea for
junsmcttons in whlch these aircraft work to give some thought to how to respond to a crash.
Note that these planes usually carry pesttcides and herblC1des that may be highly tOXlC when
concentrated. The crash site and surrounding areas may be highly contammated. Crashes m
or near bod1es of water may threaten water supphes or cause envrronmental damage.


11.10 SUMMARY


The preced1ng secttons have presented methodologies for esumating the annual
probabihty of hazardous material releases from flXed facilittes and transportatton systems.
Inmvidual worksheets have been proVlded for truck, rail, marine, pipelme and flXed facility
activities and operations. At the very least, a separate worksheet will need to be completed
for each material or group of materials of concern and/or each facility of concern. Even if
accident probabilities are not computed, the worksheets and related text can be valuable for
the identification and refinement of individual accident scenarios.


The most critical local infonnation needed for completion of worksheets involves
exposure data -- I.e., the number and length of shlpments, the number and capacity of storage
tanks or process vessels, and so forth. When obtaining this mfonnatton, It is usually
sufficient to obtam the correct order of magnitude -- great expenditures of resources or very
precise counts are not warranted. Should mfonnatton be unavailable, It may be necessary to
make a best estimate, with advice from other knowledgeable mdividuals. This is surely
better than elimmattng any potenttally significant aCCident scenano from consideratton.


Another important point IS that no one event can result m all poSSible potenttal
consequences Simultaneously. In other words, if a rall car or tank truck expenences a
BLEVE, It cannot then also have major downwind tOXlC vapor dispersion hazards as these
requrre non-IgnitIon of the cloud. Also, not all IgmtIons of flammable vapors result in
explosions. The percentage of events which result m various consequences IS very dependent
on the ml'ltenal mvolved, the quantIty released, and the reason for the release. General
percentage breakdowns cannot be given.
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12.0 CONSEQUENCE ANALYSIS PROCEDURES


".;;::::.----.---.:;"


12.11NTRODUCTI0N TO ARCHIE


WIth the wIde prohferaoon of personal computers throughout the Umted States m
recent years, partiCularly of IBMTM PC and fully compaoble systems, It IS now possIble to
provIde emergency preparedness personnel at all levels of government and mdustry wIth
relatIVely SOphIstIcated computaoonal tools to evaluate the nature and magmtude of threats
facmg mdlvldual Junsdlctlons To faclhtate what would otherwIse be a dIfficult, ome
consummg, and expenSIve (If not ImpossIble) task m many cases, the maJonty of aCCIdent
hazard assessm~nt and consequence analySIS procedures requrred for a comprehensIve hazard
analySIS have been mcorporated mto a smgle software program otled Automated Resource
for Cheffilcal Hazard InCIdent Evaluaoon (ARCHIE) A copy of VerslOn 1.0 of the program
has been provIded together WIth thIS gUlde Future efforts bemg consIdered by the federal
government to further refine ARCHIE mclude mstallaoon of a data base of cheffilcal and
phYSICal propemes for a large number of hazardous matenals, mstallatlon of more
sophlsocated analySIS procedures enabled by avmlablhty of a database, and development of a
verSlOn that will functlOn on Apple™ Macmtosh computers Whether or not these enhance
ments are undertaken WIll depend upon the acceptance of ARCHIE by emergency
preparedness personnel and feedback receIved by the government on the usefulness of the
program to therr mdlvldual planmng efforts







Due to the length of thiS chapter and the hkehhood that users will refer to It often,
Table 12.1 proVIdes a special Index to the folloWIng sections


Purpose and Objectives ofARCHIE


The PIlIIlao/ purpose of ARCHIE IS to proVIde emergency preparedness personnel With
several Integrated estlmanon methods that may be used to assess the vapor d1sperslon, fIre,
and explOSIOn Impacts associated With eplsomc d1scharges of hazardous matenals Into the
terreStial (i.e., land) enVIronment The program IS also Intended to faCIlItate a better
understandIng of the nature and sequence of events that may follow an aCCident and theIr
resulting consequences


Be adVIsed that the detailed site-specIfIc modehng techniques Incorporated WithIn
ARCHIE dIffer from the more sImplIsnc approaches In Technzcal Guzdance for Hazard
Analysls and are hkely to produce dIfferent results In addition, ARCHIE permlts assess
ments for numerous types of hazards not addressed In the earlIer guide


General Features ofthe Program


The core of the ARCHIE computer program IS a set of hazard assessment procedures
and models that can be sequentially utilIzed to evaluate consequences of potential d1scharges
of hazardous matenals and thereby assist In the development of a baslS for emergency
plannmg. In other words, ARCHIE can help emergency plannmg personnel understand 1)
the nature and magnitude of hazards posmg a threat to theIr Junsd1ctlons, 2) the sequence of
events that must take place for these threats to be realized, and ultimately 3) the nature of
response actions that may be necessary In the event of an emergency to mitigate adverse
impacts upon the pubhc and ItS property Among the models or calculanon procedures
incorporated into VersIOn 1.0 of ARCHIE are


• NIne methods for estlmattng the d1scharge rate and duration of a gas or
hquid release from a tank or plpehne


• Seven methods to help the user estlmate the size of any hqUld pools that
may form on the ground


• Two methods to estlmate the rate at which a hqUld pool Will evaporate or
boll and the duration of these phenomena until the pomt In time that the
pool IS depleted.


• A method to estlmate the size of the downwmd hazard zone that may
requIre evacuanon or other publIc protective actIOn due to the release of a
toxic gas or vapor Into the atmosphere
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• A method to evaluate the thermal rachatIon hazards resultIng from the
igmtIon of a flammable or combustIble pool of hqUld


• Two methods to evaluate the SIze of the downwmd area that may be
subjected to flammable or explosIve concentratIons of gases or vapors m arr
due to the release of a flammable or explOSIve gas or vapor -- together wIth
the maxImum weIght of potentIally explOSIve gas or vapor In arr that occurs
durmg the IncIdent.


• A method to evaluate the consequences of an unconfined vapor cloud
explOSIOn If the flammable gas or vapor In arr should explode upon
igmtIon.


• A method to evaluate the consequences of an explOSIOn ansmg from the
mternal overpressunzanon of a sealed or Inadequately vented tank due to
external heatIng or mternal reactIon


• A method to evaluate the consequences of an explOSIon ansmg from
IgnItIon of a true explOSIve matenal In the sohd or hquid state.


An overview of technIcal detaIls for mdIvidual models and the assumptIons apphed dunng
their development are supphed m Appenchx B for those who wish to revIew these aspects of
the models TIus chapter provides generahzed chscussIOns more sUItable to the average user


Given a potentIal accIdent scenano defined dunng the Hazard Identificanon and/or
ProbabIhty AnalYSIS pomons of the overall hazard analysIs, the program user IS expected to
select the appropriate sequence of calculanon procedures to be utIhzed (generally startmg
from the top of the above hst and worla.ng down) At the conclUSIOn of the process, when the
user IS satIsfied that the scenano has been properly represented, the user may then ask for a
printed summary of the accIdent scenano evaluatIon results for future reference Subsequent
secnons of thIs chapter will provIde greater detaIls on these tOpICS


To facllitate conduct of accIdent scenano evaluatIons and organIzatIOn or results,
assessment of each new scenano begins WIth the creatIon of what IS referred to as an
ACCIdent ScenarIO FIle (ASF). ThIS IS a computer data file that automatIcally stores both the
input data prOVided by the user and the results of all computations For convenIence, the user
may assign any name to the fIle so long as the name IS no longer than eIght alphanumenc
characters. FIles are automatically aSSIgned the name extenSIOn " ASF" to dIfferentIate them
from others on the computer Each IS mtended to consIder a smgle specIfic aCCIdent scenano
mvolVIng a specIfic hazardous matenal The files are stored and retnved from the chsk dnve
and chrectory specIfied by the user dunng the system InItIahzatIOn step descnbed below
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Please note that users should never rename an ASF file using DOS commands outside the
ARCHIE operating environment. Any such attempt will result in the file becoming
unusable until its original name is restored.


Once an ASF file has been created, It may be recalled, revIsed, and placed back m
storage under Its ongmal name, or It may be copIed to an ASF file WIth a new name ThIS
proVldes a great deal of flexlblhty to the ARCHIE program because.


• Users that are unsure of the vahmty of any partIcular mput parameter value
dunng mlnal evaluanon of a scenano may provIde an esnmate, determlne
the proper value at therr convemence, recall and correct the value m the
ASF file Wlthout havmg to start from scratch, and rerun the vanous models
as necessary to finalIze the overall evaluanon


• Users who wIsh to evaluate a series of scenanos that mffer only shghtly
from one another may recall the frrst file created, rename It, change the
mput values associated WIth scenano mfferences, and rerun the appropnate
models Wlth the new values. ThIS procedure automancally creates a new
ASF file Wlth IDmmal effort while leaving the ongmal file unchanged


Accuracy and Limitations ofHazard Evaluation Methodologies


Several comments are m order With respect to the accuracy and other features of the
consequence modelling and hazard assessment procedures found m ARCHIE These
procedures are m many cases Simplified verSIOns of more sophisncated methods developed
by and/or aval1able to professIOnals m the field. ARCHIE IS mtended to prOVIde apprOXimate
answers for general emergency planning purposes It Wlll m most cases produce results that
overesnmate rather than underesttmate threats to a commumty, but occaSIOnal excepnons are
both possible and likely Apphcanon of safety factors by users IS both encouraged and
recommended.


Although ARCHIE has the abilIty to address a Wlde vanety of common aCCIdent
scenanos m a farrly comprehensIve manner, it IS not capable of addressmg several
potennally hazardous phenomena that may result from aCCIdents and whIch may therefore
requIre SpeCIal conslderanon by emergency planmng personnel. These llffiltanons are
common to most 1f not all programs of thIS type and mclude mablhnes to address:


• Downwmd pubhc exposures to tOXIC combusnon products from frres.


• Damages to people or property from impact by hlgh velOCIty fragments
produced m explOSIOns.
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• Damages and mJunes resultIng from lIqmd superheat explosIOns or
sigmficant explosIOns talang place mSIde a bmldIng or other structure


• Damages to property caused by exposure to thermal radIanon or corrOSIve
substances.


• Unusual threats or phenomena assocIated WIth hazardous chemlcal reac
nons


Be sure to carefully evaluate the accIdent scenano you select and ensure that It applIes
to the hazardous matenal bemg studied


Use ofARCHIEfor Mixtures ofHazardous Materials


The hazard evaluanon methodologIes m ARCHIE ~e pnmanly deSIgned to address
spills or chscharges of relanvely pure substances MIxtures can only be handled by
knowledgeable users m certam speczal cases by provIsIon of the phYSICal and chemlcal
properties of the mIXture where and when such propertIes are requested by the program


Inconsistent or Inappropriate Use ofModels


A great deal of effort was devoted dunng development of ARCHIE to ensure that users
do not apply hazard evaluanon methodolOgies m an mconsistent anellor mappropnate
fashion. Although anyone who attempts to use the program m such a fashIOn WIll find a
large number of checks and balances m the system to prevent mlsuse, the compleXity of the
processes and phenomena bemg conSIdered chd not permlt development of a fully foolproof
program It is therefore necessary for users to apply common sense at each stage of an
analysIs to ensure that the mput data and mformanon proVided to the program are reasonable
For example, it IS obViously mappropnate to attempt to force the program to uUlIze one of
the fire or explosIOn models for a substance that IS not mherently flammable, combustible, or
explosive. Postulanon of aCCIdent scenanos that are beyond the realm of reasonable
credibility should be aVOIded to prevent unreasonable assessment results


12.2 INSTALlATION OF THE ARCHIE COMPUTER PROGRAM


Detal1ed instrucnons for mstallanon of the computer program on a vanety of ffiMTM PC
and fully compatible personal computer systems are presented m Appendix E to thIS gUIde
Please refer to Appendix E andfollow its instructions exactly prior to any attempt to run
the program. Although you are unlIkely to harm the program diskette, It IS also unlikely that
the program will operate as deSIred WIthOUt reference to these mstrucUons
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12.3 GENERAL NOTES ON RESPONDING TO QUESTIONS FROM THE PROGRAM


Throughout program use, the user wIll be requITed to answer numerous quesnons of
vanous types These typIcally mvolve


• Input ofyes or no m response to sImple questtons
• Input of letters or numbers for selecnon of menu opnons
• Input of numbers for measurable quannttes


Response to Yes or No Questions


Whenever a questIOn requITes a SImple yes or no answer, the query wl1l generally end
WIth one of the followmg three phrases m parentheses Note that the key that must be
pressed after any entry to the program IS vanously referred to as the CARRIAGE RETURN,
RETURN, or ENTER key Although the program uses the abbrevIanon "<cr>" to represent
thIS key on screen d1splays, the followmg text will refer to thIS key as the ENTER key


• (Y or <cr>1N) -- means that the program wIll accept either a "Y" or "y"
followed by a press of the ENTER key, or SImply a press of the ENTER
key alone, to md1cate a yes answer A "N" or "n" followed by a press of the
ENTER key IS reqUITed to md1cate a no answer


• (YIN or <cr» -- means that the program wIll only accept "Y" or "y"
followed by a press of the ENTER key as meanmg yes. A "N" or "n"
followed by a press of the ENTER key, or SImply a press of the ENTER
key alone, md1cates a no answer


• (YIN) -- means that entry of an upper or lower case ''1'' or "n" followed by
a press of the ENTER key are the only acceptable responses


The choIce of WhICh of these opnons appears at the end of every quesnon was made on
the baSIS of WhICh answer IS most hkely to be prOVIded by the user m any gIven sItuanon
Thus, although the program asks the user numerous quesnons dunng an aCCIdent scenano
evaluanon, a great many of them can be qUickly answered by SImply keepmg the "httle"
fmger of the nght hand close to the ENTER key on the keyboard


Selection ofMenu Options


All prImary menus m ARCHIE present a hst of opnons WIth each hne Item preceded by
a lower case letter. Selecnon of any specIfic optton IS accomphshed by typmg the
appropnate letter (eIther lower or upper case letters are acceptable) and followmg the entry
WIth a press of the ENTER key
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Several shorter menus dIsplayed dunng use of vanous hazard assessment models
typically denote available options WIth a number mstead of a letter. As m the pnor case,
selection of an option is accomphshed by entry of the appropnate number followed by a
press of the ENTER key.


Entry ofRequired Input ParameterData


During the course of an accident scenano evaluation, the user WIll be asked to provide
a variety of numencal mput data about the hazardous matenal mvolved and the crrcum
stances under which It may pose a hazard to the pubhc. Each time that the computer program
requrres a partlcular data item not preVIously provided by the program user, It Will display a
custom tailored parameter mput screen. These screens defme and descnbe the data Item, the
units in which the value IS desrred, and the range of values considered reasonable Each
screen also prOVIdes an opportunity for the user to confrrm that the proper value has been
entered, and several will ask 1f the user desrres assistance m esnmatlng an appropnate value
A yes answer to one of these questions WIll activate one of several help sections of the
program. These ranges from one or two screens of text that prOVide gUidance to major
subprograms that prOVIde assistance m esnmatlng the vapor pressures of hazardous matenals
at various temperatures from mlnImal mput data or whIch assist the user m charactenzmg the
tank or container in whIch the hazardous matenal reSides and the phySical states, weights,
and volumes of container contents.


Once a user prOVIdes an mput value to a model at the request of the program, that value
is immediately stored in the ASF file. If the same value IS requrred by a subsequent hazard
assessment model, the value IS shown ill a hst of previously stored data (apphcable to the
model being used) together WIth a query as to whether the user Wishes to change any value
before continumg. It IS VITALLY Important to realize that changing one of these values
AFTER earher use may mvalldate results of a pnor model Consequently, If a parameter
value is changed, it may become necessary to return to and rerun any pnor models that used
this value to ensure that the entrre sequence of computations IS based upon a consistent set of
input data.


Of particular interest is that ARCHIE generally requires no more data about a
hamrdous material than can usually be found on a well written and complete material
safety data sheet (MSDS). Nevertheless, users With access to more detailed knowledge of
material characteristics and properties are m several cases given the opportumty to Improve
the overall accuracy of scenano evaluation results by providmg more exact mput data This
is especially true m those cases where ARCHIE suggests use of typical values for needed
data not found on a MSDS.
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12.4 INITIALIZATION OF PROGRAM CONFIGURATION SETTINGS


Once the program 1S properly mstalled, 1t can be started by slmply typmg ARCHIE
followed by a press of the ENTER key at the appropnate system prompt A few seconds will
be reqUITed whde the computer reads the program mto memory from 1tS storage locaoon.
Indeed, such Waits of a several seconds m duraoon for the readIng and wnttng of program
and data fdes from dIsk storage locaoons are common durmg use of the computer program
and are no cause for concern


The fITst orne that the program 1S executed, 1t will begm W1th a senes of two to four
quesoons The answers to these quesoons wdl tell the program about the v1deo dIsplay
attached to the system and the locaoons where you w1sh to store and retneve data from
Acc1dent Scenano FlIes (ASF)


The first question 1S straightforward and slIDply asks 1f a color computer video momtor
1S attached to the system Although there are programmmg techmques aVailable to determme
whether the computer contains a Vldeo adapter card capable of dIsplaymg color, no such
method eX1sts to determme 1f the card 1S actually attached to a color momtor (Note Some
of you W1th monochrome momtors may w1sh to expenment w1th telhng the program you
have a color momtor, slmply to learn 1f you prefer the screen dIsplays generated to the more
slmple screens that w1ll otherw1se appear )


The second question only appears 1f you answered yes to the frrst questton and may be
a b1t mfficult to answer 1f you have hmlted knowledge of the computer system you are usmg
The quesoon 1tself 1S "Is an EGA card znstalled and operatzng zn the EGA mode?" EGA 1S
an abbreVlatlOn for Enhanced Graph1cs Adapter, a v1deo dIsplay board opt10n for computers
that permlts h1gher resoluoon graph1cs than the more typ1Cal boards found m older and/or
less expens1ve systems The presence of an operaoonal EGA requITes spec1al program
mstructlOns to set the colors of screen borders Do not be concerned whatsoever 1f you do
not know the answer to the questlOn Just answer no and contmue The absolute worst that
can happen 1S that some screens w1ll have a black border m place of the more colorful border
that would otherw1se appear Indeed, the very fact that black borders appear cons1stently 1S a
good clue that you should change your answer at some pomt m the future (Note We tell
you below how to change your answers to any of these questtons once the program 1S
runmng Nothmg 1S cast m stonel )


The third question (wh1ch could be the second at omes) requests the letter of the d1sk
dnve on whlch you w1sh to store and retneve Acc1dent Scenano Fl!e data Most of you
should not have any problem dec1mng where you w1sh these flIes to be stored For the rest of
you, untl! you can obtain ass1stance for a more expenenced computer user, here 1S some
slmple adVlce that w1ll keep you out of trouble
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• Ifyou are runmng the program. from two floppy dIskettes and there are two
floppy dnve slots m the front of the computer, place a blank or setnl-blank
but formatted dIskette m the dnve on the nght (If the dnves are sIde by
side) or lower nght (il one dnve IS on top of the other), close the door of the
dnve by twistIng the lever, and then answer B to the questIon


• If you are runnmg the program. from two dIskettes, but there IS only one
floppy dnve m the system, answer C for the tlme bemg. This w111 result m
storage of ASF mes m the root dzrectory of the hard dnve or card mstalled
in your system.


• If the entlre program fits on one dIskette and you are usmg a floppy, just
answer A to the questIon for now


• If the program. IS mstalled on a fixed or hard dnve wlthm the computer, Just
press ENTER


The last question only appears when you have mstalled the program on a fixed or hard
dnve withm the computer. If you do not understand the questIon, SImply press ENTER to
continue and all will be well


The program. Wlll save the answers to these questIons and use them automatIcally next
tIme you use the system As noted above, however, you can change your answers qUlte
easl1y. If you are Wlthm the program., choose OptIon E from the Mam Task SelectIon Menu
(see below) to restart the lnltIallzatton procedure If you are outSIde the program, you can
force an automatIc ImtIa1lzatton the next tIme the program IS used by erasmg the me named
ARCHIE.INI on your program dIsk


12.5 DISPlAY OF THE PROGRAM TITLE SCREEN


The tide screen for the program IS SImply that GIve It a look and press ENTER to
connnue. ThIS screen Wlll be the first to appear m systems that were ImtIallzed dunng pnor
use of the program. OtheIWlse, It WIll follow the questIOns descnbed above


12.6 INTRODUCTION TO OPTIONS ON THE MAIN TASK SELECTION MENU


The tIde screen IS followed by the Mam Task SelectIon Menu leproduced m Table
12 2, this bemg the place where you decIde WhICh major task you WIsh to accomphsh There
are SIX optIons avallable lettered "a" to "f' These are dIscussed m the following, but not
qUlte m the order that you tnlght expect, pnmanly because your needs the first tIme or two
you use the program will be dllferent than your needs at later tImes.
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TABLE 12.2
MAIN TASK SELECTION MENU


MAIN
TASK SELECTION MENU


a Start assessment procedure for a new hazardous matenal accident scenano


b Recall and modify data for previously considered accident scenano


C Pnnt summary of accident scenano hazard evaluation after complenon


d Proceed to system descnptIOn menu


e Reset system configuranon sett1ngs


f Tenmnate seSSion


ENTER LETTER OF SELECTED OPTION (a-f)


TABLE 12.3
SYSTEM DESCRIPTION AND USE INSTRUCTIONS


TASK SELECTION MENU


SYSTEM DESCRIPTION AND USE INSTRUCTIONS
TASK SELECTION MENU


a Program purpose and obJecnves


b Suggested sequence of model use


C Creanon and use of aCCident scenano fIles


d Recall and modIficanon ofprevlollsly created aCCident scenano files


e Pnntout of aCCident scenano hazard evaluatIOn summanes


f Sources of aSsistance


g Return to mam menu


ENTER LETTER OF SELECTED OPTION (a-g)
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Option D: Proceed to System Description Menu


Selecnon of Opnon D results m the appearance of the System Descnpnon and Use
Instrucnon Task Selecnon Menu winch IS reproduced m Table 12 3 and winch has seven
options lettered "all to "g" TIns part of the program prOVides bnef descnptlons of vanous
program features and objecnves as well as other general mformanon about the program It IS
included pnmarl1y for users who Ignore pnnted manuals or program mstrucnons or who may
receive the program Wlthout a pnnted copy of tlus guide It can also help users who may not
have used the program for a nme and Simply need therr memory to be refreshed Selection of
any opnon but the last will dIsplay one or more screens of mformanon about the program and
then return you to tlus menu Selecnon of the last opnon will return you to the Mam Task
Selecnon Menu.


Option E: Reset System Configuration Settings


Remember the quesnons dIscussed concernmg In1tIallzatIon of the program? ThIS
opnon on the Mam Task Selecnon Menu permlts you to change any of your preVIOUS
answers by restartmg the lnlnallzanon process


Option F: Terminate Session


Simply stated, selecnon of tlus opnon from the Mam Task Selecnon Menu says
"goodbyell and ends the program.


Option A: Start Assessmentfor a New Hazardous Material Accident
Scenario


When Option A IS chosen from the Mam Task Selecnon Menu, the program beglns the
process of creanng a new ACCident Scenano Fde (ASP). As reported earher, thIS IS a data
fde that automancally stores both the mput data prOVided by the user as well as results of all
computations. Inlnal fde creanon steps entad answers by the user to several queStions, these
involving:


• The name to be aSSigned to the ASF me (mandatory)


• The name of the hazardous matenal of concern (optional).


• The name, locanon, or address of the facility or transportanon route where
the postulated aCCident may occur (opnonal).


• The geographicallantude of the potential aCCident location (optional).


• The geograplncallongltude of the potennal aCCident location (optional)
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• The date on WhICh the scenano was evaluated (opnonal).


• A one to three hne textual descnpnon of the accIdent scenano bemg
evaluated (opnonal).


• An mdlcanon of whether or not the hazardous matenal of mterest IS
flammable or combusnble (mandatory).


The program wlIl prompt the user for necessary mformanon at each step of the ASF
flIe Imnallzanon process and provIde opportumnes to change or modlfy user responses to the
above quenes. When thls process IS complete, the program Wlll proceed to the Hazard
Assessment Model Selecnon Menu descnbed further below.


Option B: Recall and Modify Data/or Previously ConsideredAccident Scenario


Once an AccIdent Scenano FlIe has been created Vla use of Opnon A on the menu, It
may be recalled, COpIed and renamed (thIS IS opnonal), modrlied, and eventually placed back
mto storage by selecnon of Opnon B on the menu


Pnor to dlsplay of the Hazard Assessment Model Selecnon Menu, the program
proVldes opportumnes to:


• VIew the names of all ASF flIes stored at the locanon specIfied dunng
program imnallzanon.


• SpecIfy the name of the flle that IS to be retneved


• Indicate whether he or she wIshes to copy the d,ata m the named flIe to a
new flIe Wlth a dlfferent name, and


• ReVIew and reVlse the flIe lnlnahzanon data provIded when Opnon A was
used to create the flIe.


Option C: Print Summary ofAccident Scenario Hazard Evaluation After Completion


Opnon C of the Mam Task Selecnon Menu permlts the user to obtam a printed
summary of the overall results of the aCCIdent scenano evaluanon for any scenano previously
analyzed usmg ARCHIE. ThIS pnntout will be two to seven pages in length dependlng on
whIch evaluanon procedures were used and the number of tables that were generated.


The pnntouts are formatted usmg standard commands of the BASIC program language
and should therefore pnnt WIthout problem on a Wlde vanety of computer pnnters. It cannot
be guaranteed, however, that all output deVlces will behave as desIred, pamcularly m the
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case of laser pnnters. Many brands of these deVIces requIre mdIvidual specIal software
"drivers" that are normally only proVIded WIth specIfic types of commercIal word processmg
and graplncs generatIon programs. In some cases, the presence of a "pnnt spooler" may
cause problems dunng printIng.


Wlnle on the tOpIC of pnnted output, It IS also well to note that a pnntout of most
individual program screens can often be obtaIned by pressmg the PrtSc, Prmt Scrn, or sIml1ar
key on the keyboard. Some earher keyboards, partIcularly those provIded WIth the fIrst
generation of personal computers, may reqUIre SImultaneous pressmg of the Shift and PrtSc
keys. As m the case of scenano evaluatIon summanes, be adVIsed of the possIbIlIty that thIS
method may not work WIth some laser pnnters.


12.7 INTRODUCTION TO THE HAZARD ASSESSMENT MODEL SELECTION
MENU


The hazard assessment models mcorporated mto the computer program are made
avmlable to the user as optIons on the Hazard Assessment Model SelectIon Menu reproduced
in Table 12.4. The menu has 14 optIons lettered "a" to "n"


.
The first major step m use of the computer program to evaluate a specIfIc aCCIdent


scenano requires selectIon of appropnate models from the model selectIOn menu To
facilitate thIS task, FIgure 12 1 provIdes a lOgiC diagram pertammg to the most common spIll
hazards asSOCIated with epISodic discharges of hazardous matenals FIgure 12 2 IS a related
directory of the models aVaIlable m ARCIllE to evaluate these hazards As noted on the
diagrams m thIs figure, letters m parentheses wItlnn mdIvidual blocks refer to optIons
avallable on the Hazard Assessment Model SelectIon Menu In all cases, it is best to start at
the top of one of the charts shown in the figure and work downwards towards the
conclusion ofeach threat scenario. Note that the model selectIon charts can be vIewed from
within the computer program by selectIon of OptIon M from the subject menu


The second step m most aCCIdent scenano evaluatIons m whIch farrly detaIled
informatIon is avmlable WIth regards to the tank, pipehne, or other contaIner that may
discharge its contents will usually mvolve use of a discharge rate and duratIon estImatIon
model. Table 12 5 reproduces the separate menu for these models that WIll appear when
Option A is chosen from the Hazard Assessment Model SelectIOn Menu


The first four optIons (a through d) on the DIscharge Model SelectIon Menu are
intended for use when the temperature of a hqUld chemIcal withm a tank or other contaIner IS
at or below Its bollmg pomt temperature, WIth the chOIce of any partIcular optIon dependmg
on the general shape of the contaIner ContaIners are assumed to be non-pressunzed because
the vapor pressure of theIr hqUld contents wl1l be at or below ambIent atmosphenc pressure
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TABLE 12.4
HAZARD ASSESSMENT MODEL SELECTION MENU


HAZARD ASSESSMENT MODEL SELECTION MENU


a EstImate dIscharge rate of hqUld or gas


b Estimate area of hqUld pool


c EstImate vaponzatIon rate of hqUld pool


d Evaluate tOXIC vapor msperslOn hazards


e Evaluate pool fire ramatIon hazards


f Evaluate frreball radIation hazards


g Evaluate flame Jet hazards.


h Evaluate vapor clOUd/plume frre hazards


I Evaluate vapor cloud exploslOn hazards


J Evaluate tank overpressunzatlOn rupture hazard


k Evaluate sohd/llqUld exploslOn hazard


I RevIew model descnptlOns


m ReVIew model selectIon charts


n Return to mam menu


ENTER LETTER OF SELECTED OPTION (a-n)
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FIGURE 12.2
MODEL SELECTION CHARTS


TANK OR PIPELINE
FIRE/EXPLOSION MODELS DISCHARGES LETTERS IN () REFER
ONLY APPLY TO FLAMMABLE I


TO OPTIONS IN MAIN
OR COMBUSTIBLE MATERIALS MODEL SELECTION
UPON THEIR IGNITION. (A) COMPUTE DISCHARGE MENU.


RATE AND DURATION
I


I I


(B) COMPUTE POOL AREA FOR VAPOR/GAS DISCHARGE
FOR LIQUID SPILLS DIRECT TO ATMOSPHERE


I I
I I (G) EVALUATE


(E) EVALUATE POOL (C) COMPUTE POOL FLAME JET
FI RE HAZARDS EVAPORATION RATE HAZARDS


I
I


I I


(H) EVALUATE VAPOR CLOUD FIRE HAZARD (D) EVALUATE DOWNWIND TOXIC GAS
(I) EVALUATE VAPOR CLOUD EXPLOSIONS OR VAPOR DISPERSION HAZARDS


CLOSED TANK ENGULFED
IN FIRE


I
I I


(F) EVALUATE FIREBALL (J) EVALUATE TANK
RADIATION HAZARD OVERPRESSURIZATION
UPON TANK RUPTURE EXPLOSION HAZARD


SOLID OR LIQUID
EXPLOSIVES


I


(K) EVALUATE EXPLOSION/
DETONATION EFFECTS


FIRE/EXPLOSION MODELS
ONLY APPLY TO FLAMMABLE
OR COMBUSTIBLE MATERIALS
UPON THEIR IGNITION.


EXPLOSION MODELS ABOVE
DO NOT CONSIDER HAZARD
OF AIRBORNE FRAGMENTS!


*** SEE GUIDE ***
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TABLE 12.5
DISCHARGE MODEL SELECTION MENU


DISCHARGE MODEL SELECTION MENU


NON·PRESSURIZED TANKS CONTAINING LIQUID


a Rectangular tank


b Spherical tank


c Vert! cylmdncal tank


d Horzl cylmdncal tank


PRESSURIZED TANKS CONTAINING GAS AND/OR LIQUID


e LIquid dtscharge from tank when hole/pIpe end 4 mches or less from tank.


f Liqmd discharge from tank when hole/pIpe end more than 4 mches from tank.


g Gas dtscharge from any tank.


RELEASE FROM A LONG PIPELINE


h Ptpelme containing hqmd under pressure.


i Ptpelme contaIning gas under pressure


j Return to main model selectIon


ENTER LETTER OF SELECTED OPTION (a-J):


12-18







OptIons "e" and "f' pert31n to tanks or other cont31ners of compressed hquefied gases,
and are generally apphcable to sItuatIons m wInch the temperature of the hqUld IS above ItS
normal boilmg pomt OptIon "e" should be used when the locatIon from WhICh the hqUld IS
expected to eXIt IS four mches or less from the mternal wall surface of the tank: OptIon "ft IS
more appropnate when the discharge outlet may be more than four mches from the mternal
wall, as may occur when a pIpe drrectly connected to a cont31ner breaks or ruptures some
distance from the vessel OptIon "g" on the menu IS mtended for use when the tank: or
cont31ner (excluding long plpelmes) only stores a compressed gas


OptIons "h" or "Ill on the menu should be used to evaluate discharges from long
plpelmes. The first apphes to hnes solely cont31mng some type of hqUld The second
apphes to hnes solely cont31nmg compressed gases


The next mne sectIons of thIS chapter proVlde InformatIon on use of the nme discharge
models hsted under OptIons A to I on the DIscharge Model Selectlon Menu The tenth
optIon of thIS pamcular menu (tlus bemg OptIon 1) WIll return the user to the Hazard
Assessment Model SelectIon Menu The nme sectIOns pertammg to dIscharge models each
have tItles that begm WIth the prefix "12XX Dlscharge Menu OptzonX "


The discharge model descnptIons are followed by descnptIons of the rem31mng model
optIons aV31lable from the Hazard Assessment SelectIon Menu Each of these sectlons has a
title that begms With the prefix "12XX Hazard Model Menu OptzonX tt Subsequent sectIons
discuss and descnbe non-model related optIons aV31lable from thIS menu, specIal subpro
grams, and utIhtles aV31lable to aSSIst the user m descnbmg and defimng mput parameter
values necessary for model use. A final sectIon of the chapter proVldes mformation about
related computer programs that have been developed under sponsorshIp of the federal
government


Be adVISed that each of the model descnptIons was zntentzonally wntten to stand alone
to the maxImum extent possIble, thus facilitatIng future reference to these diSCUSSIOns. It IS
for tlus reason that there IS a consIderable degree of redundancy Wlthm the sectIons that
follow


As a final note before mdIvldual model selectIon optIOns are mtroduced and discussed,
emergency plannmg personnel should reahze that the most common hazardous material
hkely to be encountered IS automatlve gasohne, yet specIfic propemes of tlus matenal are
generally difficult to locate m the hterature. Based upon an evaluatIon of the 24 most
common components of a typICal fresh unleaded gasolme blend, key propertIes that should
be provided to ARCHIE m the absence of more precIse data, mclude
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• Molecular weight =90.9
• Normal bollmg pomt = 114 9°P
• Specific GraVity = 0.64 at 68°P
• Vapor pressure =82 mm Hg at oop
• Vapor pressure = 343 mm Hg at 68°P
• Vapor pressure = 595 mmHg at 1000 P
• Lower flammable hmlt = 1 4%
• Heat of combustton = 18,570 Btu/lb


12.8 DISCHARGE MENU OPTION A: NON-PRESSURIZED RECTANGULAR TANK
OFUQUID


Purpose ofModel


Intended. for use Wlth liqUlds havmg temperatures at or below therr respective normal
boiling pomts, this model IS used to esttmate the duratton and average rate of hqUld dIscharge
from a punctured. or otherwise leakmg rectangular tank or container A container should be
classified. as rectangular 1f It resembles a box of tissues or a shoebox m general shape


Required Input Data


The followmg input parameter values and mformatton may be requested dunng use of
this model.


• Normal bol1mg pomt of the hqUld (OP)
• Temperature of the hqUld m the tank or container (OP)
• Ambient envrronmental temperature (OP)
• Weight ofhqUld m the container (lbs)
• IndIcatton of whether or not an mstantaneous Sp1111S to assumed
• Length of the rectangular tank or container (ft)
• Width of the rectangular tank or contamer (ft)
• Height of liqUid m the container as measured from Its bottom (ft)
• Diameter of the hole from which hqUld will dIscharge (mches)
• Discharge coeffic1ent of the hole
• Speclfic graVlty of the hqUld


As dIscussed in Chapter 2 of thls guide, many properttes of hazardous matenals are a
function of temperature, Wlth one of the most lmportant bemg the vapor pressure of the
substance (since thls property will ulttmately have a major effect on the magmtude of tOX1C
or flammable vapor dIsperslOn threats) Consequently, for plannmg purposes, 1t IS desrreable
to select both tank and ambient envrronmental temperatures among the highest that may be
expenenced during a typiCal year. In selectmg these temperatures, note that the temperature
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of the contents ins1de a metal tank can often (not always) be 20°F or more h1gher than the
amb1ent arr temperature on a sunny day. Even when not higher m the contamer, the
temperature of the hqUld may mcrease upon splliage onto a hot surface or when exposed to
the sun (pamcularly when the vapor pressure of the matenal1s relanvely low and evaporanve
coolmg does not playa major role)


Pnor to aslang the user to proVlde the we1ght of hqUld m the tank, an input parameter
value that would otherw1se requrre several manual computanons. the program asks 1f the user
desrres ass1stance m charactenzmg the volume of the contamer and the we1ghts, volumes,
and phYS1Cal states of 1tS contents Further detal1s on the Tank and Contamer Contents
Characterzzanon Subprogram and 1tS general data requrrements are proVlded m Secnon
1229 of this chapter Use of the subprogram may result m requests for a few mformanonal
1tems not hsted above but 1S nevertheless h1ghly recommended


Hazard evaluanons for emergency planning purposes should stnve to assume the worse
credible condinons under Wh1Ch an acc1dent may take place. In the case of the amount of
hqUld m the tank or contamer, gu1dance should be obtamed from the owner or operator of the
vessel W1th respect to the largest amounts that may be expected to be present. In the case of
transportanon veh1cles. 1t 1S usually suffic1ent to assume that the contamer 1S at least 90% full
unless other information is available.


There may be sltuat10ns envislOned m wh1ch the tank or container of mterest may be
expected to fall m a very qUlck and catastrophlc fashIOn; for example, in the event of ltS
exposure to a major explOSIOn or collapse due to severe structural fallure Consequently,
after the user has sUPPhed the we1ght of hqUld in the tank, the program asks 1f the user
w1shes to assume that the sp1ll or discharge should be assumed as bemg essennally
mstantaneous A yes answer to th1S quesnon W1ll halt use of the model and result m the
assumpnon that the entrre contents of the contamer will be released to the envrronment m one
mmute and that the average rate of discharge w1l1 be the we1ght of tank contents per mmute.
A no answer w1l1 result m normal contmuanon of model use.


The program mherently assumes that the discharge outlet 1S crrcular m shape In those
mstances where the expected shape 1S not expected to be crrcular 1t will be necessary to: 1)
determine or estimate the area of the expected outlet m umts of square mches. and 2)
compute the diameter of the eqUlvalent crrc1e havmg th1S area Appendix A to this gUlde
prov1des ass1stance m th1S task for those who requrre further gU1dance.


The discharge coeffic1ent of the hole 1S a measure of 1tS edge charactensncs that has a
major and direct mfluence on the rate of discharge The mput parameter screen for the data
1tem w1l1 prov1de gUldance m selecnon of an appropnate value
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The speclfic graVIty of the hqUld should Ideally be the value assocIated WIth the hqUld
at Its temperature m the contamer or tank of concern Note, however, that thIS value vanes
very httle Wlth changes m temperature for the vast maJonty of hqUlds for WhICh thIS model IS
applicable. The speclfic graVIty glven at a temperature of 68°F (20°C) on a typICal matenal
safety data sheet (MSDS) will be of more than acceptable accuracy m most cases


Model Results and Usage


Results of the model mclude the average rate of hqUld dIscharge m pounds/mmute, the
duration of discharge m mmutes, the total weIght of contents dIscharged m pounds, and the
physical state of the dIscharged matenal (WhICh will always be lzquzd when thls partIcular
dIscharge model IS used)


Results of the model are typIcally utIhzed by the program as mput parameters to the
pool area esttmatlon methods (Hazard Model Menu OptlOn B) available from the Hazard
Assessment Model SelectIon Menu


Major Assumptions ofthe Methodology


The model assumes that the hole or other dIscharge outlet from WhICh the hqUld IS
being released IS at or near the bottom of the tank for mltIal calculatIon purposes, thus
resulting m a further assumptIon of complete loss of hqUld contents Note, however, that an
opportumty is given at the end of the procedure, pnor to the pomt m tIme that results are
stored m the ASF file, to replace the computed duratlon of dIscharge WIth a shorter tIme
Thls IS one way m WhIch users can adjust dIscharge model results to account for SItuatIons m
which the dIscharge outlet bemg conSIdered IS actually above the bottom portIon of the tank
or contamer. An alternatIve approach would be to speCIfy a heIght of hqUld measured
upward from the locatIon of the expected dIscharge outlet and not from the bottom of the
tank or contamer


Another major assumptIon IS that there IS an opemng somewhere In the top portIon of
the tank or container that permlts entry of arr to fill the volume prevlOusly taken by hqUld
discharged to the envrroment ThIS assumptIon will be valId for any contamer that has some
sort of pressure equahzatlon system to mamtam standard atmosphenc pressure above the
hqUld surface while hqUld IS bemg pumped m or drawn out of the contamer In cases where
no such system eXlsts or IS operatIonal, It IS well to recogmze that the model WIll estlmate a
much shorter dIscharge ttme duratIon and much hIgher average dIscharge rate than would be
expected in the real world The reason for thIS IS that the flow of hqUld WIll be penodlcally
mterrupted as arr enters through the dIscharge outlet to fill the new vapor space created above
the hquid surface. The sltuatlon WIll m many respects resemble that WhICh occurs when a
bottle or can of a soft dnnk IS turned upSIde down and the hqUld eXIts m a senes of spurts
rather than m a contInuous and smooth flow pattern
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A fmal and relatIvely nnnor assumptIon 1S that the dIscharge outlet, be 1t a hole m the
slde of the tank or a broken p1pe attached to the controner, 1S relatIvely close to the controner
TIns assumptIon can lead to underpredIctIon of dIscharge duratIons and overpredIctIon of
dIscharge rates m cases when the dIscharge outlet 1S at the end of a comphcated and/or
lengthy p1pmg system attached to the controner smce such p1pmg systems produce fnctIon
that can shghtly slow the flow of hqUld and hence reduce the dIscharge rate


12.9 DISCHARGE MENU OPTION B: NON-PRESSURIZED SPHERICAL TANK OF
LIQUID


Purpose ofModel


Intended for use Wlth hqUlds stored at temperatures at or below therr respectIve normal
boiling pomts, thls model1s used to estlmate the duratIon and average rate of hqUld dIscharge
from a punctured or otherwlse leakmg spherzcal tank or contalner resembhng a ball of some
kmd m general shape.


Required Input Data


The followmg mput parameter values and mformat10n may be requested durmg use of
th1S model


• Normal bollmg pomt of the hqUld (OF)
• Temperature of the hqUld m the tank or contmner (OF)
• Amb1ent envrronmental temperature (OF)
• We1ght of hqUld m the tank or contmner (lbs)
• IndIcatIon of whether or not an mstantaneous Sp1l11S to assumed
• D1ameter of the sphencal tank or contalner (ft)
• He1ght of hqUld in the contmner as measured from 1tS bottom (ft)
• D1ameter of the hole from Wh1Ch hqUld w1l1 dIscharge (mches)
• D1scharge coeffic1ent of the hole
• Speclfic grav1ty of the hqUld


As dIscussed m Chapter 2 of thls gU1de, many propemes of hazardous matenals are a
functIon of temperature, with one of the most 1mportant bemg the vapor pressure of the
substance (smce th1S property will ultImately have a major effect on the magn1tude of tOX1C
or flammable vapor dIsperslOn threats) Consequently, for plannmg purposes, 1t 1S desrreable
to select both tank and amb1ent envrronmental temperatures among the h1ghest that may be
expenenced durmg a typ1Cal year In selectIng these temperatures, note that the temperature
of the contents mS1de a metal tank can often (not always) be 20°F or more h1gher than the
amb1ent arr temperature on a sunny day Even when not hlgher m the controner, the
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temperature of the hqUld may mcrease upon spIllage onto a hot surface or when exposed to
the sun (particularly when the vapor pressure of the matenalls relatIvely low and evaporatIve
cooling does not playa major role).


Pnor to asking the user to proVlde the weIght of hqUld m the tank, an mput parameter
value that would otherwlse reqUITe several manual computatIons, the program asks If the user
desires assIstance in charactenzmg the volume of the contamer and the weIghts, volumes,
and physical states of ItS contents. Further detaIls on the Tank and Contazner Contents
Charactenzation Subprogram and ItS general data requrrements are prOVIded m SectIon
12.29 of this chapter. Use of the subprogram may result m requests for a few mformatIOnal
items not hsted above but IS nevertheless mghly recommended.


Hazard evaluatIons for emergency planmng purposes should stnve to assume the worse
credIble condItIons under wmch an aCCIdent may take place In the case of the amount of
liquid In the tank or contaIner, gUldance should be obtamed from the owner or operator of the
vessel with respect to the largest amounts that may be expected to be present In the case of
transportatIon vemcles, It IS usually suffiCIent to assume that the contamer IS at least 90% full
unless other informatIon IS avaIlable.


There may be SItuatIons enVlsloned m WhIch the tank or contamer of mterest may be
expected to fall In a very qUlck and catastrophIC fashIOn, for example, m the event of ItS
exposure to a major explOSIOn or collapse due to severe structural faIlure Consequently,
after the user has supphed the weIght of hqUld m the tank, the program asks If the user
wishes to assume that the spIll or dIscharge should be assumed as bemg essentIally
instantaneous. A yes answer to tffis questIon WIll halt use of the model and result m the
assumptIon that the entrre contents of the contaIner WIll be released to the envrronment m one
minute and that the average rate of dIscharge WIll be the weIght of tank contents per mlnute.
A no answer will result m normal contInuatIon of model use


The program. Inherently assumes that the dIscharge outlet IS crrcular m shape In those
instances where the expected shape IS not expected to be crrcular It WIll be necessary to' 1)
determine or estlmate the area of the expected outlet m umts of square mches, and 2)
compute the diameter of the eqUlvalent crrcle havmg thIS area Appenchx A to thIS gUlde
provides aSSIstance m tffis task for those who may requrre gUldance


The dIscharge coeffiClent of the hole IS a measure of ItS edge charactenstlcs that has a
major and drrect influence on the rate of dIscharge The mput parameter screen for the data
item will proVlde gUldance m selectIon of an appropnate value.
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The specIfic gravIty of the lIqUId should Ideally be the value assocIated wIth the lIqUId
at ItS temperature In the container or tank of concern Note, however, that thIS value vanes
very lIttle WIth changes In temperature for the vast maJonty of lIqUIds for WhICh thIs model is
applIcable The specIfic gravIty given at a temperature of 68°F (20°C) on a typICal matenal
safety data sheet (MSDS) will be of more than acceptable accuracy In most cases


Model Results and Usage


Results of the model Include the average rate of lIqUId dIscharge In poundS/mInute, the
duranon of dIscharge In mInutes, the total weIght of contents dIscharged In pounds, and the
phYSICal state of the dIscharged matenal (WhICh will always be lzquzd when thIS pamcular
dIscharge model IS used).


Results of the model are typICally utthzed by the program as Input parameters to the
pool area estlmanon methods (Hazard Model Menu Opnon B) aVailable from the Hazard
Assessment Model Selecnon Menu.


Major Assumptions ofthe Methodology


The model assumes that the hole or other dIscharge outlet from whIch the lIqUId IS
being released IS at or near the bottom of the tank for lllinal calculanon purposes, thus
resultlng In a further assumpnon of complete loss of lIqUId contents Note, however, that an
opportumty IS given at the end of the procedure, pnor to the POint In nme that results are
stored In the ASF file, to replace the computed duranon of dIscharge with a shorter nme
ThIs IS one way In WhIch users can adjust dIscharge model results to account for situanons In
whIch the dIscharge outlet being consIdered IS actually above the bottom portton of the tank
or container An alternanve approach would be to speCIfy a heIght of lIqUId measured
upward from the locanon of the expected dIscharge outlet and not from the bottom of the
tank or contamer


Another major assumpnon IS that there IS an opening somewhere In the top portton of
the tank or container that permIts entry of arr to fill the volume preVIously taken by lIqUId
dIscharged to the envrroment. ThIS assumptIon WIll be valId for any container that has some
sort of pressure equalizanon syste-m to mamtaIn standard atmosphenc pressure above the
lIqUId surface whIle lIqUId IS being pumped In or drawn out of the contamer. In cases where
no such system eXISts or IS operanonal, It IS well to recogmze that the model WIll estlmate a
much shorter dIscharge nme duranon and much hIgher average dIscharge rate than would be
expected In the real world The reason for thIS IS that the flow of hqUId will be penodIcally
Interrupted as arr enters through the dIscharge outlet to fill the new vapor space created above
the lIqUId surface The situanon will In many respects resemble that whIch occurs when a
bottle or can of a soft dnnk IS turned upSIde down and the lIqUId eXIts In a senes of spurts
rather than In a contlnuous and smooth flow pattern


12-25







A final and relatively mInor assumption IS that the dIscharge outlet, be It a hole In the
side of the tank or a broken pIpe attached to the contaIner, IS relatIvely close to the contaIner.
This assumption can lead to underpredIctIon of dIscharge duratIons and overpredIctIon of
discharge rates in cases when the dIscharge outlet IS at the end of a complIcated and/or
lengthy pIping system attached to the contaIner SInce such pIpIng systems produce fnctIon
that can slightly slow the flow of lIqUId and hence reduce the dIscharge rate


12.10 DISCHARGE MENU OPTION C: NON-PRESSURIZED VERTICAL CYLINDER
OFUQUID


Purpose ofModel


Intended for use WIth lIqUIds stored at temperatures at or below therr respectIve normal
boiling poInts, thIs model IS used to estImate the duratIon and average rate of lIqUId dIscharge
from a punctured or otherWIse leakIng verttcal cylzndrzcal tank or contaIner A tank or
container that would be classIfied as a vertIcal cylInder would resemble (In general shape) a
can of tuna fish or a can of soft dnnk SIttIng upnght on a table Such tanks are the most
typICal containers seen at facilitIes that store gasolme and/or fuel OIls In above ground
vessels.


Required Input Data


The following Input parameter values and InformatIon may be requested dunng use of
this model.


• Normal boiling POInt of the lIqUId (OF)
• Temperature of the lIqUId In the tank or contaIner (OF)
• AmbIent envrronmental temperature (OF)
• WeIght of lIqUId In the tank or contaIner (lbs)
• IndIcatIon of whether or not an Instantaneous spIll IS to assumed
• DIameter of the vertIcal cylIndncal tank or contaIner (ft)
• HeIght of lIqUId In the contaIner as measured from ItS bottom (ft)
• Diameter of the hole from whIch lIqUId will chscharge (Inches)
• DIscharge coeffiCIent of the hole
• SpecIfic graVIty of the lIqUId


As discussed in Chapter 2 of thIs gUIde, many propertIes of hazardous matenals are a
function of temperature, WIth one of the most Important beIng the vapor pressure of the
substance (smce thIs property will ultImately have a major effect on the magmtude of tOXIC
or flammable vapor dIspersIOn threats) Consequently, for plannIng purposes, It IS desrreable
to select both tank and ambIent enVIronmental temperatures among the hIghest that may be
experienced durmg a typICal year In selectIng these temperatures, note that the temperature
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of the contents mSlde a metal tank: can often (not always) be 20°F or more hIgher than the
ambIent arr temperature on a sunny day Even when not hIgher m the contmner, the
temperature of the hqUld may mcrease upon spIllage onto a hot surface or when exposed to
the sun (partlcularly when the vapor pressure of the matenalls relanvely low and evaporanve
coohng does not playa major role)


Pnor to aslang the user to proVlde the weIght of hqUld m the tank, an mput parameter
value that would otherwIse requrre several manual computanons, the program asks If the user
desrres aSSIstance m characterizmg the volume of the contmner and the weIghts, volumes,
and phYSICal states of ItS contents Further detmls on the Tank and Contamer Contents
Characterzzatlon Subprogram and ItS general data requrrements are provIded m Secnon
12 29 of thIs chapter Use of the subprogram may result m requests for a few mfonnanonal
Items not hsted above but IS nevertheless hIghly recommended


Hazard evaluanons for emergency planmng purposes should stnve to assume the worse
credIble condInons under whIch an aCCIdent may take place In the case of the amount of
hqUld m the tank or contmner, guIdance should be obtmned from the owner or operator of the
vessel WIth respect to the largest amounts that may be expected to be present In the case of
transportanon vehIcles, It IS usually suffiCIent to assume that the contalner IS at least 90% full
unless other mformanon IS available.


There may be SItuations enVlslOned m WhIch the tank or controner of mterest may be
expected to fml m a very qUlck and catastrophIC fashIon; for example, m the event of ItS
exposure to a major explOSIOn or collapse due to severe structural fmlure Consequently,
after the user has supphed the weIght of hqUld m the tank, the program asks If the user
WIshes to assume that the spill or dIscharge should be assumed as bemg essennally
mstantaneous A yes answer to thIS quesnon WIll halt use of the model and result m the
assumpnon that the entrre contents of the contmner Wlll be released to the envrronment m one
mmute and that the average rate of discharge WIll be the weIght of tank contents per mmute
A no answer will result m normal contmuanon of model use


The program mherently assumes that the discharge outlet IS crrcular In shape In those
mstances where the expected shape IS not expected to be crrcular It WIll be necessary to 1)
determme or estlmate the area of the expected outlet m umts of square mches, and 2)
compute the diameter of the eqUlvalent crrcle havmg thIs area. AppendIx A to thIS gUIde
prOVIdes aSSIstance m thIS task for those who may requrre gUldance


The discharge coeffiCIent of the hole IS a measure of ItS edge charactensncs that has a
major and drrect mfluence on the rate of dIscharge The mput parameter screen for the data
Item WIll prOVIde guIdance m selecnon of an appropnate value
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The specIfic graVIty of the hqUld should Ideally be the value assocIated WIth the hqUld
at ItS temperature ill the contamer or tank of concern. Note, however, that thIS value vanes
very httle WIth changes ill temperature for the vast maJonty of hqUlds for WhICh thIS model IS
apphcable. The specIfic graVIty glven at a temperature of 68°F (20°C) on a typICal matenal
safety data sheet (MSDS) will be of more than acceptable accuracy m most cases


Model Results and Usage


Results of the model mclude the average rate of hqUld dIscharge m poundS/mInute, the
duratIOn of discharge ill mmutes, the total weIght of contents dIscharged ill pounds, and the
physical state of the dIscharged matenal (whIch WIll always be llquld when thIS partIcular
discharge model IS used).


Results of the model are typICally uohzed by the program as mput parameters to the
pool area est1matton methods (Hazard Model Menu Opoon B) aVallable from the Hazard
Assessment Model Selecoon Menu


Major Assumptions ofthe Methodology


The model assumes that the hole or other dIscharge outlet from whICh the hqUld IS
bemg released IS at or near the bottom of the tank for lnloal calculatton purposes, thus
resulttng m a further assumptton of complete loss of IIqUld contents Note, however, that an
opportumty IS glven at the end of the procedure, pnor to the pomt m orne that results are
stored m the ASF me, to replace the computed duraoon of dIscharge WIth a shorter ome
This is one way ill whIch users can adjust dIscharge model results to account for sltuaoons m
which the discharge outlet bemg conSIdered IS actually above the bottom portIon of the tank
or contamer. An alternaove approach would be to speCIfy a heIght of IIqUld measured
upward from the locaoon of the expected dIscharge outlet and not from the bottom of the
tank or contalner.


Another major assumpoon IS that there IS an openmg somewhere m the top portIon of
the tank or contamer that permIts entry of arr to fill the volume preVIOusly taken by hqUld
dIscharged to the envrroment ThIS assumptIon w111 be valId for any contalner that has some
sort of pressure equahzatton system to malntaln standard atmosphenc pressure above the
liquid surface whIle hqUld IS bemg pumped m or drawn out of the contamer In cases where
no such system eXISts or IS operaoonal, It IS well to recogmze that the model WIll est1mate a
much shorter dIscharge ome duraoon and much hIgher average dIscharge rate than would be
expected ill the real world The reason for thIS IS that the flow of IIqUld WIll be penodlcally
mterrupted as arr enters through the dIscharge outlet to fill the new vapor space created above
the hqUld surface The sltuaoon WIll m many respects resemble that WhICh occurs when a
bottle or can of a soft dnnk IS turned upSIde down and the IIqUld exIts m a senes of spurts
rather than ill a cononuous and smooth flow pattern
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A fmal and relatIvely nnnor assumption IS that the dIscharge outlet, be It a hole m the
Side of the tank or a broken pipe attached to the contamer, IS relanvely close to the container.
ThIs assumptIon can lead to underpredIctIon of dIscharge durations and overpredIctIOn of
discharge rates m cases when the dIscharge outlet IS at the end of a comphcated and/or
lengthy plpmg system attached to the contmner smce such plpmg systems produce fncnon
that can shghtly slow the flow of hqUld and hence reduce the dIscharge rate


12.11 DISCHARGE MENU OPTION D: NON·PRESSURIZED HORIZONTAL
CYliNDER OF LIQUID


Purpose ofModel


Intended for use With hqUlds stored at temperatures at or below therr respective normal
boihng pomts, thiS model IS used to esttmate the duranon and average rate of hqUld dIscharge
from a punctured or otherWIse leakmg honzontal cylmdncal tank or contmner. A contmner
classified as bemg a honzontal cyhnder would resemble the tank seen on the back of a
typical gasoline truck m general shape.


RequiredInput Data


The following mput parameter values and mformanon may be requested dunng use of
thIs model.


• Normal bolhng pomt of the hqUld eF)
• Temperature of the hqUld in the tank or contamer (OF)
• Ambient enVll"Onmental temperature eF)
• Weight of liqUld m the tank or container (lbs)
• IndIcation of whether or not an mstantaneous spill IS to assumed
• Diameter of the honzontal cylmdncal tank or contamer (ft)
• Length of the honzontal cyhndncal tank or contamer (ft)
• Height of hquid m the contamer measured from ItS bottom (ft)
• Diameter of the hole from whIch hqUld will dIscharge (mches)
• Discharge coeffiCient of the hole
• Speclfic gravity of the hqUld


As dIscussed m Chapter 2 of thiS guide, many propertles of hazardous matenals are a
function of temperature, With one of the most tmportant being the vapor pressure of the
substance (smce thiS property will ulttmately have a major effect on the magmtude of tOXIC
or flammable vapor dIspersIOn threats). Consequently, for plannmg purposes, It IS desrreable
to select both tank and ambient envrronmental temperatures among the highest that may be
expenenced durmg a typiCal year. In selectIng these temperatures, note that the temperature
of the contents mSlde a metal tank can often (not always) be 20°F or more higher than the
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ambIent WI temperature on a sunny day Even when not hIgher 10 the contaIner, the
temperature of the hqUld may 10crease upon spIllage onto a hot surface or when exposed to
the sun (partIcularly when the vapor pressure of the matenalis relauvely low and evaporatIve
cooling does not playa major role)


Pnor to aslang the user to proVIde the weIght of hqUld 10 the tank, an 10put parameter
value that would otherwIse reqUITe several manual computauons, the program asks If the user
desires aSSIstance 10 charactenz10g the volume of the contaIner and the weIghts, volumes,
and phYSICal states of ItS contents Further detaIls on the Tank and Contazner Contents
Cluzracterzzatzon Subprogram and ItS general data requIrements are prOVIded 10 Secuon
12.29 of this chapter Use of the subprogram may result 10 requests for a few 1OformatlOnal
items not listed above but IS nevertheless hIghly recommended


Hazard evaluauons for emergency planmng purposes should stnve to assume the worse
credIble condIuons under whIch an aCCIdent may take place In the case of the amount of
hqUld in the tank or contaIner, guIdance should be obtaIned from the owner or operator of the
vessel WIth respect to the largest amounts that may be expected to be present In the case of
transportauon vehIcles, It IS usually suffiCIent to assume that the contaIner IS at least 90% full
unless other Informauon IS avaIlable


There may be situaUons enVISIoned 10 WhICh the tank or contaIner of Interest may be
expected to faIl in a very qUlck and catastrophIC fashlOn, for example, 10 the event of Its
exposure to a major exploslOn or collapse due to severe structural faIlure Consequently,
after the user has supphed the weIght of hqUld 10 the tank, the program asks If the user
WIshes to assume that the spIll or dIscharge should be assumed as be10g essentially
instantaneous. A yes answer to thIs quesuon WIll halt use of the model and result 10 the
assumpuon that the entrre contents of the contaIner WIll be released to the enVIronment 10 one
mInute and that the average rate of dIscharge WIll be the weIght of tank contents per mInute
A no answer will result In normal conunuauon of model use


It should be recogmzed that not all honzontal cyhndncal tanks have CIrcular
cross-sectlons or flat ends as Inherently assumed by the model Where the tank cross-seCUon
is more of an oval, set the requested dIameter equal to eIther the WIdest part of the tank (or to
the average of the narrowest and WIdest sectlons 1f somewhat greater accuracy IS deSIred) It
is always safe to set the length of the tank to Its longest dImenslOn regardless whether ItS
ends are hemlsphencal, dIshed, or flat The errors 1Otroduced WIll be relauvely mInor.


The program Inherently assumes that the dIscharge outlet IS CIrcular In shape In those
Instances where the expected shape IS not expected to be CIrcular It WIll be necessary to 1)
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detenmne or estunate the area of the expected outlet m umts of square mches; and 2)
compute the chameter of the eqUlvalent cIrcle havmg tlus area Appenchx A to thIS guIde
proVIdes aSSIstance m thIS task for those who may requIre guIdance


The chscharge coeffiCIent of the hole is a measure of ItS edge charactensttcs that has a
major and drrect mfluence on the rate of chscharge The mput parameter screen for the data
Item wIll provIde guIdance m selectton of an appropnate value


The specIfic graVIty of the hqUld should Ideally be the value assocIated WIth the hqUld
at ItS temperature m the contamer or tank of concern Note, however, that thIS value vanes
very httle WIth changes m temperature for the vast maJonty of hqUlds for WhICh thIS model IS
apphcable The specIfic graVIty given at a temperature of 68°F (20°C) on a typICal matenal
safety data sheet (MSDS) will be of more than acceptable accuracy m most cases


Model Results and Usage


Results of the model mclude the average rate of hqUld chscharge m pounds/mmute, the
duratton of chscharge m mmutes, the total weIght of contents chscharged m pounds, and the
phYSICal state of the chscharged matenal (WhICh wIll always be lzquzd when thIS partIcular
chscharge model IS used)


Results of the model are typIcally utthzed by the program as Input parameters to the
pool area eStunation methods (Hazard Model Menu Option B) aVaIlable from the Hazard
Assessment Model SelectIon Menu


Major Assumptions ofthe Methodology


The model assumes that the hole or other chscharge outlet from WhICh the hqUld IS
beIng released IS at or near the bottom of the tank for lnltIal calculatton purposes, thus
resulting m a further assumptIOn of complete loss of hqUld contents Note, however, that an
opportumty IS gIven at the end of the procedure, pnor to the pomt m tIme that results are
stored In the ASF file, to replace the computed duratIon of chscharge WIth a shorter tIme
ThIS IS one way In WhIch users can adjust chscharge model results to account for SItuatIOns In
WhIch the chscharge outlet bemg consIdered IS actually above the bottom portIon of the tank
or contaIner. An alternatIve approach would be to specIfy a heIght of hqUld measured
upward from the locatIon of the expected chscharge outlet and not from the bottom of the
tank or contamer.


Another major assumption IS that there IS an openmg somewhere m the top portIon of
the tank or contaIner that penmts entry of arr to fill the volume preVIously taken by hqUld
chscharged to the envrroment. ThIS assumptton WIll be valId for any contaIner that has some
sort of pressure equalizatton system to maIntaIn standard atmosphenc pressure above the
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liquid surface wlule liquid IS bemg pumped m or drawn out of the contaIner In cases where
no such system exists or IS operatIonal, It IS well to recognIze that the model wIll estImate a
much shorter dtscharge tIme duratIon and much htgher average dtscharge rate than would be
expected in the real world. The reason for thts IS that the flow of lIqUId wIll be penodtcally
interrupted as arr enters through the dtscharge outlet to fill the new vapor space created above
the hquid surface. The situatIon will m many respects resemble that whIch occurs when a
bottle or can of a soft drInk IS turned upSIde down and the lIqUId eXIts m a senes of spurts
rather than m a contInuous and smooth flow pattern.


A fmal and relatIvely mmor assumptIon IS that the dtscharge outlet, be It a hole m the
side of the tank or a broken pIpe attached to the contaIner, IS relatIvely close to the contaIner
This assumption can lead to underpredtctIon of dtscharge duratIons and overpredtctIon of
discharge rates in cases when the dtscharge outlet IS at the end of a complIcated and/or
lengthy piping system attached to the contaIner smce such pIpmg systems produce fnctIon
that can slightly slow the flow of lIqUId and hence reduce the dtscharge rate


12.12 DISCHARGE MENU OPTION E: PRESSURIZED LIQUID WHEN DIS
CHARGE WCATION IS 4 INCHES OR LESS FROM THE TANK SURFACE


Purpose ofModel


Intended for use WIth lIqUIds stored at temperatures above theIr respectIve normal
boiling points, this model estImates the peak rate of dtscharge and duratIon of dtscharge from
a punctured or otherwise leakmg tank or contaIner of what must be conSIdered a compressed
liquefied gas under the specIfied condttIons of storage. A speCIal qualIfIcatIOn IS that the
model is only appropnate for use when the dtscharge outlet or hole IS four mches or less from
the inner wall surface of the tank or contamer The discharge model descnbed under Option
F below should be used If the discharge locatIon IS more than four mches dtstant


Required Input Data


Pnmary data requirements for use of the model mclude:


• Normal boIlmg pomt of the lIqUId (OF)
• Temperature of the hqUId m the tank or contaIner (OF)
• AmbIent enVIronmental temperature (OF)
• Weight of liqUld in the tank or contamer (lbs)
• IndtcatIon of whether or not an mstantaneous spIll IS to assumed
• Diameter of the horizontal cyhndncal tank or contaIner (ft)
• Length of the honzontal cylIndncal tank or contamer (ft)
• HeIght of hqUld m the contaIner measured from Its bottom (ft)
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• D1ameter of the hole from wh1ch hqUld will dlscharge (mches)
• D1scharge coeffic1ent of the hole
• Speclfic graVlty of the hqUld


As dlscussed m Chapter 2 of th1S gUlde, many propert1es of hazardous matenals are a
funcnon of temperature, w1th one of the most 1mportant bemg the vapor pressure of the
substance (smce th1S property W1l1 ulnmately have a major effect on the magmtude of tOX1C
or flammable vapor dlsperslOn threats). Consequently, for plannmg purposes, 1t 1S desrreable
to select both tank and amb1ent envrronmental temperatures among the h1ghest that may be
experienced dunng a typ1Cal year In selecnng these temperatures, note that the temperature
of the contents mS1de a metal tank can often (not always) be 20°F or more mgher than the
amb1ent arr temperature on a sunny day


Pnor to askmg the user to proVlde the we1ght of hqUld m the tank, an mput parameter
value that would otherw1se requrre several manual computanons, the program asks 1f the user
desrres ass1stance m charactenzmg the volume of the contamer and the we1ghts, volumes,
and physical states of 1tS contents Further detmls on the Tank and Contazner Contents
CharacterzzatlOn Subprogram and 1tS general data requrrements are prov1ded m Secnon
1229 of th1S chapter. Use of the subprogram may result m requests for a few mformanonal
1tems not hsted above but 1S nevertheless h1ghly recommended.


Hazard evaluanons for emergency planmng purposes should stnve to assume the worse
credlble condlnons under wh1ch an acc1dent may take place In the case of the amount of
hqUld m the tank or contmner, gU1dance should be obtmned from the owner or operator of the
vessel W1th respect to the largest amounts that may be expected to be present In the case of
transportatlOn veh1cles, 1t is usually suffic1ent to assume that the contamer 1S at least 90% full
unless other mformanon 1S avalIable


The user may request ass1stance m determmmg the vapor pressure of the hqUld at the
pomt m nme that the program asks for th1S parameter value See Secnon 12 28 below for a
descnpnon of the Vapor Pressure Input Asszstance Subprogram


There may be sltuanons env1s10ned m wmch the tank or contmner of 1nterest may be
expected to fml m a very qUlck and catastroph1c fashlOn, for example, m the event of 1tS
exposure to a major exploslOn or collapse due to severe structural fmlure Consequently,
after the user has supphed the we1ght of hqUld m the tank, the program asks 1f the user
Wlshes to assume that the splIl or dlscharge should be assumed as bemg essennally
mstantaneous A yes answer to th1s quesnon wlIl halt use of the model and result m the
assumpnon that the entrre contents of the contmner wlIl be released to the envrronment m one
mmute and that the average rate of dlscharge w1ll be the we1ght of tank contents per mmute
A no answer w111 result m normal contmuanon of model use
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The program mherently assumes that the dIscharge outlet IS cIrcular m shape In those
instances where the expected shape IS not expected to be cIrcular It will be necessary to' 1)
determine or estImate the area of the expected outlet m umts of square mches; and 2)
compute the dIameter of the eqUIvalent CIrcle havmg thIS area AppendIx A to thIS guIde
provides aSSIstance m thts task for those who may requIre guIdance


The dIscharge coeffiCIent of the hole IS a measure of ItS edge charactenstIcs that has a
major and direct mfluence on the rate of dIscharge. The mput parameter screen for the data
Item will provide guIdance m selectIon of an appropnate value


The specific graVIty of the hqUId should Ideally be the value assocIated WIth the hqUId
at its temperature m the contamer or tank of concern Note, however, that thIS value vanes
httle with changes m temperature for many hqUIds for whtch thIS model IS apphcable The
specific gravity gIven at a temperature of 68°F (20°C) on a typICal matenal safety data sheet
will be of acceptable accuracy m most cases.


Model Results and Usage


Results of the model mclude the peak rate of hqUld dIscharge m pounds/minute, the
duratIon of dIscharge m mmutes based on the peak rate, the total weIght of contents
discharged m pounds, and an mdIcatIon of the expected phYSICal state of the dIscharged
matenal DependIng upon the matenal, envIronmental, and normal botlmg pomt tempera
tures mvolved, the model may mdIcate that eIther an arrborne mIXture of gas and hqUId
droplets (I.e, aerosols) or hqUId IS bemg dIscharged


In the case of lzquzd dIscharges from the contatner, results of the model are normally
utilized by the program as mput parameters to the pool area estImatIon methods (Hazard
Model Menu OptIon B) avatlable from the Hazard Assessment Model Selecoon Menu. In
the case of arrborne gas and aerosol mIXture dIscharges from the contamer, the results may be
utIlIzed as necessary for mput to the tOXIC vapor dIsperSIOn model (Hazard Model Menu
Option D) and/or the vapor cloud or plume fIre hazard model (Hazard Model Menu OptIon
H) on the menu In addItIon, the duraoon of gaseous dIscharge may be uohzed by the flame
jet model (Hazard Model Menu Opoon F)


Major Assumptions ofthe Methodology


The model assumes that the hole or other dIscharge outlet from whIch the hqUId IS
bemg released m at or near the bottom of the tank for imtIal calculaoon purposes, thus
resultIng m a further assumptIon of complete loss of hqUId contents Note, however, that an
opportunity IS gIven to the user at the end of the procedure, pnor to the pomt m ome that
results are stored m the ASF me, to replace the computed duratIon of dIscharge WIth a
shorter tIme. Thts IS one way m whtch users can adjust dIscharge model results to account
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for situations m which the discharge outlet bemg considered is actually above the bottom
portIon of the tank: or contamer. An alternative approach would be to specify a height of
liqUid measured upward from the location of the expected discharge outlet and not from the
bottom of the tank: or contamer. It is necessary to stress, however, that either of these
modrficatlons to normal program use will result m a situation m which any gas eXiting the
discharge outlet after completion of liqUid discharge Will not be accounted for m model
results ThiS discharge of gas, which wl11 quickly drop from a high to low rate when the tank
or contamer is not bemg heated or somehow mtemally generating heat, w111 pose a
downwmd toXiC or flammable gas hazard for a penod of time that may be greater than that
estImated for the liqUid discharge. If the remammg liqUid m the tank or contamer is indeed
bemg heated, the flow of gas could be of considerable rate and duration yet mcapable of
bemg estImated Via use of ARClllE It is for this reason that the model mherently assumes
that the entire tank Will empty qUickly and at a high rate to provide a conservative baSiS for
emergency plannmg purposes


A second assumption is that vaporization of liqUid m the tank or contamer to generate
vapor or gas to fill the VOid left by escapmg liqUid Will not result m a major thermodynamic
cooling effect. A sigmficant cooling effect would tend to lower the estImated rate of
discharge and mcrease itS duration, but this phenomena usually plays only a mmor role m
mfluencmg discharge rate and duration estImates The rate is pnmanly controlled by the
height of the liqUid m the tank above the discharge outlet location and the speclfic gravity of
the substance


The decision as to whether the discharged matenal will be a mixture of gas and
aerosols or a liqUid depends upon the temperature of the hazardous matenal m itS contamer
and the normal boiling pomt of the substance. An arrborne mixture of gas and aerosols is
assumed whenever the contamer content temperature exceeds the normal bol1mg pomt by
10 gOF (6°C) as a general rule of thumb The assumption is conservative m that it may at
ttmes mdIcate that no liqUid will reach the ground although thiS may mdeed occur to some
degree More precise assessment of the physical charactensncs of the discharged matenal
requires knowledge of physical property data not expected to be readily aVailable to the
average user of Version 1.0 of ARClllE and must therefore awmt mstallanon of a database m
this program.
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12.13 DISCHARGE MENU OPTION F: PRESSURIZED LIQUID WHEN DIS
CHARGE LOCATION IS MORE THAN 4 INCHES FROM THE TANK
SURFACE


Purpose ofModel


Intended for use WIth hqUlds stored at temperatures above theIr respecnve normal
boiling pomts, tins model esttmates the peak rate of chscharge and duratlOn of chscharge at
this rate from a punctured or otherwIse leakmg tank or container of a compressed hquefied
gas. A specIal quallficanon IS that the model IS only appropnate for use when the chscharge
outlet or hole IS more than four mches from the mtarnal wall surface of the tank or container
The chscharge model descnbed under Opnon E should be used If the chscharge locanon IS
four inches or less chstant from the wall


RequiredInput Data


Primary data reqUIrements for use of the model mclude


• Normal boilmg pomt of the hqUld (OF)
• Temperature of the hqUld m the tank or container (OF)
• Ambient envIronmental temperature (OF)
• WeIght ofhqUld m the tank or container (lbs)
• Indicanon of whether or not an mstantaneous spill IS to assumed
• Diameter of the honzontal cyhndncal tank or container (ft)
• Length of the honzontal cyhndncal tank or contamer (ft)
• HeIght of hquid ill the container measured from ItS bottom (ft)
• DIameter of the hole from WhICh hqUld will chscharge (mches)
• Discharge coeffiCIent of the hole
• Speclfic graVIty of the hqUld


As chscussed m Chapter 2 of thIS gUlde, many propertIes of hazardous matenals are a
function of temperature, WIth one of the most Important bemg the vapor pressure of the
substance (smce thIS property will ulnmately have a major effect on the magmtude of tOXIC
or flammable vapor chsperslOn threats). Consequently, for planmng purposes, It IS desIreable
to select both tank and ambIent enVIronmental temperatures among the hIghest that may be
expenenced durmg a typICal year. In selecnng these temperatures, note that the temperature
of the contents inSIde a metal tank can often (not always) be 20°F or more hIgher than the
ambient air temperature on a sunny day.


The user may request aSSIstance m determmmg the vapor pressure of the hquid at the
point in time that the program asks for thIS parameter value See Secnon 12 28 below for a
descripnon of the Vapor Pressure Input ASSIstance Subprogram
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Pnor to askIng the user to proVIde the weIght of hqUId in the tank, an input parameter
value that would otherwIse requIre several manual computatIons, the program asks If the user
deSIres assIstance In charactenzIng the volume of the contaIner and the weIghts, volumes,
and phYSICal states of ItS contents. Further details on the Tank and Contamer Contents
Characterizatzon Subprogram and ItS general data requIrements are proVIded ill Section
1229 of thIS chapter. Use of the subprogram may result In requests for a few informatIonal
Items not hsted above but IS nevertheless highly recommended


Hazard evaluatIons for emergency plannmg purposes should stnve to assume the worse
credIble condItions under WhICh an accIdent may take place In the case of the amount of
hqUId m the tank or contamer, guIdance should be obtamed from the owner or operator of the
vessel WIth respect to the largest amounts that may be expected to be present. In the case of
transportatIon vehicles, It IS usually suffiCIent to assume that the container IS at least 90% full
unless other informatIon IS available


There may be SItuatIons enVIsIoned In WhIch the tank or contaIner of Interest may be
expected to fail m a very qUIck and catastrophic fashion; for example, In the event of ItS
exposure to a major explosIon or collapse due to severe structural faIlure. Consequently,
after the user has supphed the weIght of hqUId m the tank, the program asks If the user
WIshes to assume that the spIll or dIscharge should be assumed as bemg essentIally
mstantaneous. A yes answer to thIS questIon will halt use of the model and result In the
assumptIon that the enure contents of the contamer will be released to the environment m one
minute and that the average rate of dIscharge WIll be the weIght of tank contents per mInute.
A no answer WIll result In normal contInuatIon of model use


The program Inherently assumes that the dIscharge outlet IS cIrcular In shape. In those
Instances where the expected shape is not expected to be cIrcular It WIll be necessary to. 1)
determIne or estImate the area of the expected outlet In UnIts of square Inches, and 2)
compute the dIameter of the eqUIvalent circle havmg thIS area. AppendIx A to this guide
provIdes aSSIstance In thIS task for those who may requIre gUIdance.


The dIscharge coeffiCIent of the hole IS a measure of ItS edge charactensucs that has a
major and drrect influence on the rate of discharge. The Input parameter screen for the data
Item will provIde gUIdance In selectIon of an appropnate value.


The specIfic graVIty of the hqUId should Ideally be the value asSOCIated WIth the liqUId
at ItS temperature m the contamer or tank of concern Note, however, that thIs value vanes
very httle With changes m temperature for many hqUIds for WhICh thIs model IS apphcable.
The specIfic graVIty given at a temperature of 68°F (20°C) on a typICal matenal safety data
sheet WIll be of acceptable accuracy In most cases.
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The specIfic heat capac1ty of the hqmd 1S a measure of the heat necessary to raise the
temperature of a unit we1ght of the matenal by one degree Pnor to request of th1S value, the
program will proVlde the user an oppOrtunlty to request ass1stance In selection of an
appropriate heat capac1ty value USIng several general1zed rules-of-thumb (reproduced In
Table 12.6) that reqwre user knowledge of the chemlcal formula of the hazardous matenal
being evaluated. Although the accuracy of model answers would be lmproved by prOV1S1on
of a more precise value for the substance at or near the temperature In 1tS container, errors
introduced by use of an estimanon method presented by the program should not be h1ghly
significant m most (but not all) cases Note that hqmd heat capacity values prov1ded In umts
of calories/gram-OC m vanous data bases and techmcal handbooks are numencally eqmv
alent to values expressed m umts of Btu/lb-OF


Model Results and Usage


Results of the model Include the peak rate of hqmd discharge In pounds/mlnute, the
duration of discharge m mmutes, the total we1ght of contents discharged In pounds, and an
indicanon of the expected phYS1Cal state of the discharged matenal Depending upon the
matenal, environmental, and normal bol1mg pomt temperatures Involved, the model may
indicate that e1ther an arrborne mlXture of gas and hqmd droplets (1 e, aerosols) or a hqmd 1S
being discharged.


In the case of llquzd discharges from the container, results of the model are normally
utilized by the program as mput parameters to the pool area estlmanon methods (Hazard
Model Menu Opnon B) aVailable from the Hazard Assessment Model Selection Menu In
the case of airborne gas and aerosol discharges from the container, the results may be utIhzed
as necessary for input to the tOXlC vapor dIsperslOn model (Hazard Model Menu Option D)
and/or the vapor cloud or plume fITe hazard model (Hazard Model Menu Option H) on the
menu. In addinon, the duration of gaseous discharge may be utIhzed by the flame Jet model
(Hazard Model Menu Option F).


Major Assumptions ofthe Methodology


The model assumes that the hole or other discharge outlet from wh1ch the hqmd 1S
being released 1S at or near the bottom of the tank for In1tIal calculation purposes, thus
resultIng m a further assumption of complete loss of hqmd contents Note, however, that an
opportunity is given at the end of the procedure, pnor to the POInt In time that results are
stored In the ASF file, to replace the computed duration of discharge w1th a shorter time
ThIs is one way In whlch users can adjust discharge model results to account for sltuatlOns In
whlch the discharge outlet beIng cons1dered 1S actually above the bottom portlOn of the tank
or contamer. An alternative approach would be to spec1fy a he1ght of hqmd measured
upward from the location of the expected d1scharge outlet and not from the bottom of the


12-38







TABLE 12.6
ASSISTANCE DISPLAY FOR LIQUID SPECIFIC HEAT


LIQUID SPECIFIC HEAT SELECTION ASSISTANCE


• For organic matenals predominantly consisting of carbon (C), hydrogen (H),
oxygen (0), nitrogen (N), and/or sulfur (S), values range from 0.30 to 0.80 A
value of 0.30 will usually give a conservative result and is suggested for use in the
absence of better data.


• For matenals containing chlonne (CI), fluonne (F), or slhcon (SI), values typically
range from 0 20 to 0.40 A value of 0 20 w111 usually give a conservative result
and IS suggested for use in the absence of better data.


• For matenals contammg bromme (Br) or Iodine (1), or organic compounds
contmmng one or more metals such as mckel (Nl), iron (Fe), magnesiUm (Mg),
cadmiUm (Cd), tin (Sn), ZinC (Zn), vanadiUm (Vd), or titamum (Tl), values
typically range from 010 to 0 20. A value of 0.10 Will usually give an acceptable
result and IS suggested for use in the absence of better data


TABLE 12.7
ASSISTANCE DISPLAY FOR VAPOR/GAS SPECIFIC HEAT RATIO


SPECIFIC HEAT RATIO SELECTION ASSISTANCE FOR GASES


• MonatOmic gases are substances such as argon, neon, xenon, krypton, or hellum
Such gases have only one atom in each molecule when in the gaseous state. An
approXimate specific heat ratio of 1.67 may be used for such gases when more
precise values are not readl1y aVailable.


• DiatOmiC gases are substances With two atoms in each molecule when in the
gaseous state. Examples include oxygen (OJ, mtrogen (NJ, hydrogen (HJ,
chlonne (CIJ, and carbon monOXide (CO). An apprOXimate speCific heat ratio of
1.40 may be used when more precise values are not readily aVailable for such
gases.


• Polyatomic gases have more than two atoms in each molecule when in the gaseous
state Examples include ammoma (~), propane (C:Jfs), and methyl bromide
(~Br) An approximate speCific heat ratio of 1 30 may be used for such gases If
more precise values are not readlly aVailable
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tank or container. It is necessary to stress, however, that eIther of these mochficatIons to
normal program use will result m a SItuatIon m which any gas eXItIng the discharge outlet
after completion of hqUld chscharge will not be accounted for m model results ThIs
discharge of gas, which will quickly drop from a high to low rate when the tank or contamer
is not being heated or somehow mternally generatIng heat, will pose a downwmd tOXIC or
flammable gas hazard for a penod of tIme that may be greater than that estImated for the
liquid chscharge. If the remaining hqUld m the tank or contamer IS mdeed bemg heated, the
flow of gas could be of conSIderable rate and duratIon yet mcapable of bemg estImated VIa
this fIrSt version of ARCHlE It IS for this reason that the model mherently assumes that the
entire tank will empty qUlckly and at a hIgh rate to prOVIde a conservatIve basIs for
emergency planning purposes.


A second assumptIon IS that vaponzatIon of hqUld m the tank or contamer to generate
vapor or gas to fill the void left by escapmg hqUld w111 not result m a major thermodynamlc
coohng effect A sigmficant coolmg effect would tend to lower the estImated rate of
chscharge and increase ItS duration, but thIS phenomena usually plays only a mmor role m
influencing discharge rate and duratIon estImates The rate IS pnmarlly controlled by the
height of the hquid in the tank above the chscharge outlet locatIon and the speCIfic graVIty of
the substance.


The decision as to whether the discharged matenal w111 be a nuxture of gas and
aerosols or a hqUld depends upon the temperature of the hazardous matenal m ItS contamer
and the normal bolling pomt of the substance. An arrborne nuxture of gas and aerosols IS
assumed whenever the contamer content temperature exceeds the normal bol1mg pomt by
lO.SoP (6°C) as a general rule of thumb. The assumptIon IS conservatIve m that It may at
times mdicate that no hqUld will reach the ground although thIS may mdeed occur to some
degree. More precIse assessment of the phYSICal charactenstIcs of the discharged matenal
requires knowledge of phYSICal property data not expected to be readily aVailable to the
average user of VerSIOn 1 0 of ARCHlE and must therefore aWait mstallatIon of a database m
this program.


12.14 DISCHARGE MENU OPTION G: PRESSURIZED GAS RELEASE FROM ANY
CONTAINER


Purpose ofModel


The primary purpose of this model IS to estImate the peak rate of discharge and
duration of discharge at this rate when a compressed gas IS bemg released to the atmosphere
from a tank: or other contamer that IS not a long distance p1pehne
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The model may be used In a very approxunate fashion to evaluate gas or vapor
discharge rates and durattons when a runaway exothermlc chemlcal reactton of some land
takes place In the container Use of the model for the latter purpose requrres that the user
provide the program With sUltably high values for the pressure and temperature In the tank
(accuracy In providing these values IS not extremely Important) and an appropnate molecular
weight and ratto of specific heats for the gas actually being discharged If the reactton
Involves polymenzatton of one or more substances, some thought should be given to
reducing the weight of hazardous matenal(s) presumed to be In the tank by at least 10 to 33%
Since the poruon that polymenzes durmg the reactton IS unhkely to be discharged to the
atmosphere as a gas or vapor.


Required Input Data


Pnmary data requrrements for use of the model Include


•
•
•
•
•
•
•..
•
•
•


Normal boiling POint of the hqUld eF)
Temperature of the gas and/or hqUld In the container (OF)
Ambient envrronmental temperature (OF)
Pressure of the gas In the container (psla)
Weight of hazardous matenal In the container (lbs)
IndIcatton of whether or not an mstantaneous Spl111S to assumed
Diameter of the hole from which gas wl11 discharge (mches)
DIscharge coeffiCient of the hole
Ratio of speclfic heats (C/C) for the gas
Height of hqUld m the contamer measured from ItS bottom (ft)
Molecular weight of the gas and/or hquld


As discussed In Chapter 2 of thIS guide, many properues of hazardous matenals are a
function of temperature, With one of the most important bemg the vapor pressure of the
substance (since this property will ulttmately have a major effect on the magmtude of tOXIC
or flammable vapor dispersiOn threats). Consequently, for plannmg purposes, it is desrreable
to select both tank and ambient envrronmental temperatures among the highest that may be
experienced dunng a typiCal year. In selecting these temperatures, note that the temperature
of the contents mSide a metal tank can often (not always) be 20°F or more higher than the
ambient arr temperature on a sunny day


The user may request aSSistance In determlnIng the pressure of the gas at the pomt In
ttme that the program asks for thiS parameter value See Section 12 28 below for a
descnption of the Vapor Pressure Input Asslstance Subprogram Note, however, that some
compressed gas contamers may normally be at temperatures In excess of the cntzcal
temperature of the gas. ThiS IS a temperature above which the substance cannot eXist m a
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hquid state regardless of the pressure apphed Consequently, the term vapor pressure no
longer has meanmg when a matenalls at a temperature above Its cntIcal temperature, the
vapor pressure mput aSSIstance subprogram IS no longer apphcable, and It IS necessary for the
user to specIfy any requIred pressures.


Pnor to askmg the user to proVlde the weIght of hazardous matenal m the tank, an
input parameter value that would otherwIse requIre several manual computatIons, the
program asks If the user deSIres aSSIstance m charactenzmg the volume of the contamer and
the weIghts, volumes, and phYSICal states of ItS contents Further detmls on the Tank and
Contazner Contents Characterzzatlon Subprogram and ItS general data requIrements are
provided m SectIon 12.29 of thIs chapter. Use of the subprogram may result m requests for a
few informational Items not hsted above but IS nevertheless hIghly recommended


Hazard evaluatIons for emergency plannmg purposes should stnve to assume the worse
reasonable and credIble condItIons under WhICh an aCCIdent may take place In the case of
the amount of hqUld m the tank or contamer, guIdance should be obtamed from the owner or
operator of the vessel with respect to the largest amounts that may be expected to be present
In the case of transportatIon vehIcles, It IS usually suffiCIent to assume that the contamer IS at
least 90% full unless other mformatIon IS avrolable


There may be SItuatIons enVlsloned m whIch the tank or controner of mterest may be
expected to fail m a very qUlck and catastrophIC fashIon, for example, m the event of ItS
exposure to a major explOSIOn or collapse due to severe structural frolure Consequently,
after the user has supphed the weIght of hqUld m the tank, the program asks If the user
wishes to assume that the sp111 or dIscharge should be assumed as bemg essentIally
mstantaneous. A yes answer to thIS queStIon WIll halt use of the model and result m the
assumption that the entire contents of the controner w111 be released to the enVIronment m one
mmute and that the average rate of dIscharge w111 be the weIght of tank contents per mlnute.
A no answer will result in normal contInuatIon of model use.


The program mherently assumes that the dIscharge outlet IS CIrcular m shape. In those
instances where the expected shape IS not expected to be CIrcular It w111 be necessary to' 1)
determine or esttmate the area of the expected outlet m umts of square mches, and 2)
compute the dIameter of the eqUIvalent CIrcle havmg thIs area AppendIx A to thIS guIde
provides assistance m thIs tas~ for those who may requIre gUIdance


The dIscharge coeffiCIent of the hole IS a measure of ItS edge charactenstlcs that has a
major and direct mfluence on the rate of dIscharge. The mput parameter screen for the data
Item will provide gUIdance m selectIon of an appropnate value
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The ratio of speclfic heats for the compressed gas or vapor is a thermodynamic
property related to the amount of heat necessary to 10crease the temperature of a umt weight
of gas or vapor by one degree under specified conditions Pnor to request of this value, the
program will proVide the user an opportumty to request aSSistance 10 selection of an
appropnate specific heat ratio us10g several generalized rules-of-thumb (reproduced 10 Table
12 7) that requITe user knowledge of the chemlcal formula of the hazardous matenal be10g
evaluated Although the accuracy of model answers would be lmproved by prOViSion of a
more preCise value for the substance at or near the temperature 10 itS conta1Oer, errors
1Otroduced by use of the property estunanon methods provided by the program should not be
highly sigmficant 10 most (but not all) cases


The program prOVides aSSIstance (upon request of the user) 10 computtng the molecular
weight of the discharged substance from itS chemlcal formula Via a procedure simllar to that
descnbed 10 Section 2 8 of the guide.


Model Results and Usage


Results of the model 10clude the peak dicharge rate of compressed gas or vapor
discharge 10 pounds/mlnute, the duration of discharge 10 mlnutes at thzs peak rate, the total
weIght of contents discharged 10 pounds, and the phYSical state of the discharged matenal
(which will always be gas when thiS particular discharge model IS used) It is Vital that the
user read and understand the assumpnons made durmg formulation and use of thiS model


Results may be utthzed as necessary for mput to the tOXiC vapor dispersion model
(Hazard Model Menu Option D) and/or the vapor cloud or plume rITe hazard model (Hazard
Model Menu Option H) on the menu In addition, the duration of gas discharge may be
utilized by the flame Jet model (Hazard Model Menu Option F).


Major Assumptions ofthe Methodology


As a compressed gas or vapor is discharged from a tank or other contamer only
contam1Og the matenal 10 itS gaseous state, the loss of gas to the atmosphere together With
thermodynamiC cooling effects assocIated With gas expanSIon Will tYPICally result 10 a rapid
decrease of the discharge rate WIth time. Smce thIS model bases itS results solely on the
imtlal peak: discharge rate of the gas or vapor, it will conSistently overestimate the discharge
rate and underestimate the duration of discharge The overestimation of discharge rate may
result 10 overestimation of downw1Od tOXiC or flammable gas hazard zones (which is not bad
for emergency plann10g purposes) and underestunatlon of hazard durations (which must be
kept clearly 10 mlnd) when Options D and H are respectively chosen from the Hazard
Assessment Model Selection Menu Similarly, the flame Jet model available as Option G on
the menu may underestimate the time duranon of the flame Jet on occaSiOn.
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When the tank contaIns a hquefied compressed gas and the gas chscharge model IS
bemg used to evaluate a chscharge of gas or vapor from the head space of the tank (I.e., the
volume above the hquid surface), there IS a excellent chance that the computed peak
chscharge rate will vary even more slgmficantly from the actual average chscharge rate,
primarily because the model assumes that all of the tank or contamer contents, mcludmg the
liquid portion, will chscharge at the computed peak gas chscharge rate In actuality, there
may be cases when thermodynamic coohng effects will rapidly cool the hqUld to a
temperature near its bothng point, at whIch tune flow from the tank Will greatly decrease and
even possibly stop whtle the tank stIll contams a considerable amount of hazardous matenal


The assumptions descnbed above can be restated m a chfferent fashion by notIng that
the model formulatIon mherently assumes that sufficient heat IS entenng the tank or contatner
from the external enVIronment, or IS bemg mternally generated due to an mternal chemtcal
reactIon of some land, to offset any thermodynamtc coohng effects and to matntatn the gas
discharge rate near ItS peak value. Smce thIs model may be used at tImes to evaluate
discharge rates and durations under these "worst case" conchtIons, and any number of
accident scenarIOS may mvolve the potentIal for exposure of the tank or contatner to an
external ftre or an mternal exothermtc chemtcal reaction, the assumptIons clearly have
advantages as well as chsadvantages.


The pnmary reason why It was necessary to provide a model that may provide
inaccurate results at tunes (but results that tend more often than not to overestlmate the
hazards of the release) is that a more ngorous and formal analysIs procedure would
necessitate a substantIally larger program and chemtcal phYSical property data not reachly
avatlable to the expected average user of VersIOn 1.0 of ARCHIE.


12.15 DISCHARGE MENU OPTION H: RELEASE FROM A PRESSURIZED
UQUID PIPELINE


Purpose ofModel


This highly simplified model IS mtended to prOVide an estImate of the chscharge rate
and duration expected when a long chstance plpehne totally filled wlth llquid completely
ruptures at some pomt along ItS route. No chstinctIon IS made between hqUlds that are below
or above theIr respectIve normal bolhng pomts Smce the topography of the land surface
over the pipeline route will greatly mfluence model results, and smce the topography IS hkely
to vary over the route, It may be necessary to use thiS model several tImes for any given
pipeline, each tune assummg a chfferent plpehne break locatIOn near senSItIve environmental
areas or populatIon zones
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Required Input Data


Data requrrements of the model Include the folloWIng Input parameter values, some of
whIch are unusual The program makes a specIal attempt to assIst the user In selectIng a
value wherever an unusual Item of Infonnatton IS requrred, but does expect the user to have a
rather complete understandIng of plpehne, plpehne contents, and plpehne route charactens
ttcs Note, however, that the relattvely umnfonned user should not hesItate to use the model
Input parameter values not known can be guessed at and mochfied at a later ttme. An
opportumty is always proVlded to dlscard the results of any analySIS when It IS completed


• Nonnal boiling POInt of the hqUld eF)
• Temperature of the hqUld In the pIpelIne (OF)
• AmbIent envrronmental temperature (OF)
• Molecular weIght of the hqUld
• Speclfic graVlty of the hqUld
• Vapor pressure of the hqUld In the pIpelIne (psla)
• Length of plpehne that w111 empty In the event of a rupture (ft)
• DIameter of the plpehne (Inches or feet)
• MaXImum heIght of the hqUld column In the lIne that WIll empty (ft)
• Total pressure of the hqUld m the plpehne (psla)
• PIpelIne shutdown ttme If a dIscharge IS detected (mInutes)
• IndIcatton of whether hne breaks at one end or along route
• PumpIng rate of hqUld through the plpehne (lbs/mInute)
• DIscharge coeffiCIent of the hole


As dIscussed In Chapter 2 of thIS gUIde, many properties of hazardous matenals are a
functton of temperature, WIth one of the most Important beIng the vapor pressure of the
substance (sInce thIs property WIll ulttmately have a major effect on the magmtude of toxic
or flammable vapor dlsperslOn threats). Consequently, for planmng purposes, It IS desrreable
to select both plpehne and ambIent envrronmental temperatures among the hIghest that may
be expenenced dunng a typICal year


The program prOVIdes aSSIstance (upon request of the user) In computtng the molecular
weIght of the dlscharged substance from ItS chemIcal fonnula Vla a procedure SImIlar to that
descnbed In Sectton 2 8 of the guIde.


The speclfic graVIty of the hqUld should Ideally be the value aSSOCIated WIth the hqUld
at ItS temperature In the contaIner or tank of concern. Note, however, that thIS value vanes
very httle WIth changes In temperature for the vast maJonty of hqUlds for WhICh thIS model IS
apphcable The speCIfic graVlty given on a typICal matenal safety data sheet (MSDS) w111 be
acceptable In most cases
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The user may request aSSIstance In detenmmng the vapor pressure of the lIqUId at the
point in tIme that the program asks for thIs parameter value. See Secuon 12.28 below for a
description of the Vapor Pressure Input Asslstance Subprogram


The question regarding the length of the pIpelIne that WIll empty In the event of a
rupture can be rather trIcky when the lIne travels up and down VarIOUS hIlls and valleys The
length that empues will not necessarIly be the total length of the pIpelIne from Its begInnIng
to Its end.


PIcture a pIpelIne that starts at the top of one hill, travels down to the floor of a valley,
and then travels up the SIde of another hIll to ItS top If the pIpelIne breaks at the top of eIther
hill, and we assume there IS no pressure In the lIne for the moment, then It can be understood
that httle If any of the pIpelIne contents will escape to the envrronment AlternatIvely,
picture what would happen If the pIpelIne were to break on the floor of the valley In thIS
case, all contents of both resulung pIpelIne secUons from the top of one hIll to the top of the
second will empty onto the valley floor Thus, It IS Important to carefully conSIder the
topography of the land and speCIfic potenual aCCIdent SItes when dealIng WIth long pIpelInes.
A tracing of the route on a topographIcal map of the area can be Invaluable In estImatmg
appropnate pipelIne lengths. It IS prudent, however, to frrst ask the pIpelIne owner or
operator If a dIscharge volume analySIS of any kmd was conducted pnor to InstallatIOn of the
lme since these analyses are sometimes necessary for comphance WIth envrronmentalimpact
reporting requirements aSSOCIated WIth the obtaInment of penmts from regulatory authonues


A question related to the desrred length of pIpelIne asks the user for the maxImum
height of the hqUId column In the pipeime that will empty upon pIpelIne rupture ThIS IS the
maxtmum vemcal heIght between the assumed pomt of dIscharge and the hIghest pomt
WIthin the pIpeline from whIch lIqUId IS expected to empty In the second example presented
above, It would be the vemcal heIght flOm the top of the hIghest hIll to the floor of valley
where the pIpelIne rupture IS expected A hIghly accurate estimate IS not necessary


The next quesuon essenually requests the user to prOVIde the total pressure of the lIqUId
In the pIpelIne. PrOVISIon of an answer requrres the user to realIze that the force that moves
the lIquid from one end of the pIpelIne to the other IS the pressure mechanIcally prOVIded by
VarIOUS pumpIng stations along the route. ThIS pressure can be conSIderable and far above
the simple vapor pressure of the lIqUId as It IS pushed up VarIOUS hIlls Although the program
uses thIs pressure In umts of pSIa, the user IS gIven five sets of umts to choose among whIle
prOVIding an answer to the quesuon


Many pIpelIne systems have sensors and alarms that alert operators to the fact that the
pIpelIne has developed a major leak and penmt them to shutdown pumpmg stations
manually, whIle others have systems that act automatIcally to shutdown pumps QUIcker
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shutdowns obVIously result In less loss of pipehne contents SInce the pumps wIll cease to
push the hqUId through the hne. Thus, even a rough estImate of how long It WIll requIre the
owner or operator of the hne to detect and act upon a major pipehne break WIll help Improve
the accuracy of analysIs results. Thts Infonnatlon should be readIly avatlable from pIpeline
owners or operators.


If a pipehne breaks or ruptures at one end, then the hqUId wl1l be released from one
open end of the hne Conversely, If the line breaks along Its travel path, there could
conceIvably be two open ends of the hne from WhICh hquid WIll flow, thus increaSing the
dIscharge rate and reducing the duratIon of dIscharge It follows that the program requIres
some IndIcatIon of whether the dIscharge will Involve one or two ends of the pipehne.


Dunng the elapsed tIme between the Instant that the pIpeline breaks or ruptures and the
pumps are shut down, there Will be some penod of tIme In which hqUld contInues to spIll
from the hne due to contInued pumPing. Consequently, the program asks the user for the
nonnal flowrate of hqUld through the line under nonnal operatIng condItIons ThIS also IS an
Item of InfonnatIon that should be readlly avatlable from the owner or operator of the hne
Although the program will use thIS rate Internally In umts of pounds per minute, the user IS
gIven a chOIce of five sets of umts In whtch to prOVIde an answer


The dIscharge coeffiCIent of the hole IS a measure of ItS edge charactenstIcs that has a
major and drrect Influence on the rate of discharge The Input parameter screen for the data
Item will proVIde gwdance In selectIon of an appropnate value The proper value for
pipehne breaks WIll usually be 0.62.


Model Results and Usage


In cases where the pumping shutdown tIme IS speCIfied as zero, the program WIll
prOVIde the average dIscharge rate In pounds per minute, the duratIon of dIscharge In
minutes, the total weIght of dIscharged matenal In pounds, and an indIcatIon of whether the
pipehne contents wl1l be dIscharged as an arrborne nnxture of gas and small hqUld droplets
(1 e., aerosols) or as a hqUld. When the pumping shutdown tIme IS greater than zero, a bnef
paragraph wlll descnbe the discharge rates and tImes aSSOCiated WIth vanous tIme penods
and proVIde an overall average rate and duratIon of dIscharge for use by subsequent models


In the case of llquzd dIscharges from the pipehne, results of the model are nonnally
Utl1Ized by the program as Input parameters to the pool area estImatIon methods (Hazard
Model Menu OptIon B) avatlable from the Hazard Assessment Model SelectIon Menu In
the case of gas and arrborne aerosol dIscharges from the contamer, the results may be utihzed
as necessary for Input to the tOXIC vapor dIsperSIOn model (Hazard Model Menu OptIon D)
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and/or the vapor cloud or plume fIre hazard model (Hazard Model Menu Opuon H) on the
menu. In adchuon, the durauon of gaseous chscharge may be uUhzed by the flame Jet model
(Hazard Model Menu Opuon F).


Major Assumptions olthe Methodology


As noted earher, this IS a hIghly sImphfIed model for esurnaUng chscharge rates and
durauons from liqUld plpelmes


The first simphfymg assumpuon made, one that IS not hIghly consequenual, IS that the
liqUId experiences no fricuon as It flows through the plpehne. In realIty, the walls of the hne
will produce frIction that will tend to slow the outward flow of hqUId when a break occurs.
InclUSIOn of frictIon mto the model, however, would not produce sIgnIfIcantly decreased
chscharge rates except under very unusual crrcumstances for the types of full hne break
scenarios beIng conSIdered


A major assumptIon that can mdeed adversely affect the accuracy of results Involves
the inherent assumptIon that the hqUId in the plpehne does not contaIn a chssolved gas under
high pressure and is not Itself a hquefIed compressed gas LIqUIds WIth chssolved gases
under pressure (such as a crude 011 pipeime contatnIng SIgnIfIcant amounts of dIssolved
natural gas) WIll expenence what IS sometImes referred to as a "champagne" effect upon
rupture. In other words, expanSIon of the chssolved gases when the pressure IS reheved may
cause a gushing forth of plpehne contents to the extent that the total amount of hqUld
discharged will be greater than that normally prechcted by the model SImIlarly, hquefied
compressed gases may erupt from the plpehne m a manner not fully conSIdered by the model.


The decISIon as to whether the chscharged matenal WIll be a mIxture of gas and
aerosols or a hqUId depends upon the temperature of the hazardous matenal In ItS contaIner
and the normal botlmg pomt of the substance. An arrbome mIxture of gas and aerosols IS
assumed whenever the contatner content temperature exceeds the normal bolhng pomt by
10 gOF (6°C) as a general rule of thumb. The assumption IS conservatIve in that It may at
times inchcate that no hqUId WIll reach the ground although thIS may Indeed occur to some
degree. More preCIse assessment of the phYSICal charactenstIcs of the chscharged matenal
rel{uires knowledge of phYSICal property data not expected to be reachly aVaIlable to the
average user of Version 1 0 of ARCHIE and must therefore aWaIt Installauon of a database m
this program.
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12.16 DISCHARGE MENU OPTION I: RELEASE FROM A PRESSURIZED GAS
PIPELINE


Purpose ofModel


ThIS model IS mtended to proVIde an estImate of the discharge rate and duration
expected when a pressUflzed long distance plpehne totally filled wzth a gaseous substance
develops a leak or completely ruptures at some pomt along ItS route. The model cannot be
used for plpehnes contammg both hqUld and gas.


RequiredInput Data


Data requrrements of the model mclude the following input parameter values:


•
•
•
•
•
•
•
•
•
•
•
•


Normal bol1mg pomt of the substance (OF)
Temperature of the gas m the plpehne (OF)
Ambient envrronmental temperature (OF)
Vapor pressure of the gas in the plpehne (psla)
Molecular weight of the gas
Length of the plpehne from begmmng to end (ft)
Diameter of the plpelme (mches or feet)
Actual pressure of the gas m the plpehne where apphcable (psla)
Inchcatlon of whether small hole or full rupture occurs m hne
Diameter of the hole from whIch gas will discharge (mches)
DIscharge coeffiCient of the hole
Ratto of speCIfic heats (C/C) for the gas


As discussed m Chapter 2 of thiS guide, many propertIes of hazardous matenals are a
function of temperature, With one of the most tmportant bemg the vapor pressure of the
substance (smce thiS property will ult1mately have a major effect on the magmtude of tOXIC
or flammable vapor dispersIOn threats) Consequently, for plannmg purposes, It IS desrreable
to select both plpehne and ambient envrronmental temperatures among the hIghest that may
be expenenced durmg a typiCal year


The user may request assistance m determmmg the vapor pressure of the gas at the
pomt m tIme that the program asks for thIs parameter value See Sectton 12 28 below for a
descnpnon of the Vapor Pressure Input Asszstance Subprogram Note, however, that many
gas plpehnes, especially those conveymg fuel gases With low normal bol1mg pomts, typICally
operate at temperatures m excess of the crztzcal temperature of the gas. Thts IS a temperature
at or above whIch the substance cannot eXist m a hquld state regardless of the pressure
apphed and permtts plpehne operators to compress the gas to high pressures Without causmg
hquefication Consequently, the term vapor pressure no longer has meamng when a matenal
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is at a temperature above Its cntical temperature, the vapor pressure mput assIstance
subprogram IS no longer apphcable, and It IS necessary for the user to specIfy the pressure m
the pipelme using mformanon obtamed from the p1pehne owner or operator For purposes of
checlang whether or not the temperature of the gas m the p1pelme IS above or below the
crincal temperature, Wlthout actually aSlang for thIS value, the program. estlmates the cnncal
temperature of the gas as bemg 1.8 tlmes the normal botlmg pomt temperature of the
substance expressed m degrees Kelvm. (Techmcally onented users may remember that the
rather common rule-of-thumb bemg apphed typIcally uses a mulnphcatlOn factor of 1 65
instead of 1.8. The higher factor was chosen to prevent the program. from erroneously
assummg the crincal temperature has been exceeded when the actual temperature IS
somewhat greater than the value estlmated when a factor of 1 65 IS apphed )


In those cases m wmch the cnncal temperature of the gas has not been exceeded, there
is a possibility that the pipelme mtght be operated at a pressure below the vapor pressure of
the material being transported Although thIS IS not lIkely, the user IS gIven the opportumty
to specify the actual pressure m the p1pehne. Be adVlsed that mput of a pressure that exceeds
the vapor pressure of the p1pehne gas at ItS speCIfied temperature Wlll result m a warmng
message to the user to the effect that the pIpelIne contams hqUld Smce the model IS only
apphcable when there IS no liqUld m the lme, It WIll be necessary for the user to eIther reVIse
the p1pelme pressure to an acceptable value (I.e., one at or below the speCIfied vapor
pressure) or to choose the hquid p1pehne model for use (DIscharge Menu Opnon H) As
noted above, neIther of the avatlable pipelme models can cope WIth a sltuanon m whIch the
pipeline contains both gas and hqUld


The program. prOVIdes aSSIstance (upon request of the user) m compunng the molecular
weight of the discharged substance from ItS chemtcal formula VIa a procedure sImtlar to that
descnbed m Secnon 2.8 of the guIde.


The program. gives the user the opnon of specIfymg that. 1) a relanvely small hole
should be assumed to occur m the p1pelme, 2) the lIne should be assumed to break:
completely at one end; or 3) the hne should be assumed to break: completely at some pomt
along ItS route of travel. The dIameter of the dIscharge outlet hole WIll only be requested If
the first option is chosen.


The program. mherently assumes that the dIscharge outlet IS CIrcular m shape In those
instances where the expected shape IS not expected to be CIrcular It WIll be necessary to. 1)
determme or estlmate the area of the expected outlet m umts of square mches, and 2)
compute the dIameter of the eqUlvalent CIrcle havmg thIS area AppendIX A to thIS guIde
proVldes aSSIstance m this task for those who may requIre guIdance
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The dIscharge coeffic1ent of the hole 1S a measure of 1tS edge characterisncs that has a
major and drrect mfluence on the rate of d1scharge. The mput parameter screen for the data
1tem will prov1de gu1dance m selecnon of an appropnate value The proper value Wlll
usually be 0 62 for a leakmg or ruptured p1pelme


The rano of spec1fic heats for the compressed gas or vapor 1S a thermodynamlc
property related to the amount of heat necessary to mcrease the temperature of a umt we1ght
of gas or vapor by one degree under spec1fied condInons Pnor to request of th1S value, the
program will prov1de the user an opportumty to request ass1stance m selecnon of an
appropnate speclfic heat rano usmg several general1zed rules-of-thumb (reproduced m Table
127) that requrre user knowledge of the chemlcal formula of the hazardous matenal bemg
evaluated Although the accuracy of model answers would be 1mproved by prov1s10n of a
more precise value for the substance at or near the temperature m 1tS container, errors
mtroduced by use of the property estlmanon methods proVlded by the program should not be
h1ghly s1gnlficant in most (but not all) cases


Model Results and Usage


Results of the model mclude the peak rate of gas discharge m pounds!mlnute (adjusted
m the case of fullime break scenanos), the duranon of discharge m mlnutes at the computed
rate of discharge, the total we1ght of contents dIscharged m pounds, and the phys1cal state of
the dIscharged matenal (which will always be gas when thiS particular discharge model is
used).


To be reahzed 1S that the 1mt1al peak rate of gas discharge w1l1 drop m magn1tude
extremely rap1dly m any scenano mvolvmg a full break or rupture of the pipehne In order to
aVOid gross overestlmanon of the discharge rate and underesttmanon of the discharge
duratlon m such cases, the model prov1des a rate of discharge that 1S 75% of the m1tlal peak
discharge rate The impact of the adjustment should not be cause for concern smce the
model w1l1 m all lIkelIhood contlnue to overestlmate the discharge rate and th1S 1S not
undesrreable for emergency planmng purposes


Results of the model may be utllIzed as necessary for mput to the tOX1C vapor
disperSiOn model (Hazard Model Menu Opnon D) and/or the vapor cloud or plume rrre
hazard model (Hazard Model Menu Opnon H) on the menu In additiOn, the duratlon of gas
discharge may be utlhzed by the flame Jet model (Hazard Model Menu Optlon F)


Major Assumptions ofthe Methodology


The rrrst s1mphfymg assumptlon made, one that 1S not highly consequentlal, 1S that the
flow of gas 1S not hmdered by fncnon In real1ty, the walls of the p1pelme w1l1 produce some
degree of fncnon that w1l1 tend to slow the discharge rate.
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A second assumptIon IS that the model assumes that thermodynamtc coohng effects
will also not reduce the dIscharge rate of gas


12.17 HAZARD MODEL MENU OPTION B: POOL AREA ESTIMATION METHODS


Purpose ofMethods


In the event of a dIscharge that results m formatIon of a pool of hqUld on the ground, It
is necessary to obtaIn an esttmate of the area of the pool ThIS esttmate IS requlIed by the
pool evaporation (Hazard Model Menu OptIon C) that esttmates the rate of vapor evolutIon
to the atmosphere and by the hqUId pool flIe model (Hazard Model Menu OptIon E) that
estimates the heIght of the flame and surroundIng hazard zones


RequiredInput Data


Use of the model requlIes the followmg mformatIon


• Molecular weIght of the hqUld
• Spectfic gravity of the hqUld
• DIscharge rate of the hqUld from ItS contaIner (lbs/mmute)
• DuratIon of hqUld dIscharge (mtnutes)
• Normal botlmg pomt of the hqUld (OF)
• Temperature of the hqUld m ItS contatner (OF)
• Ambient envrronmental temperature (OF)
• Wind velocIty (mph)
• Vapor pressure of the hqUld at ambIent temperature (rom Hg)
• Area to whtch the hqUld may be restncted If a secondary


contaInment system IS present (ft2)


• Other input parameter values dIscussed below


The program proVIdes aSSIstance (upon request of the user) m computmg the molecular
weIght of the discharged substance from ItS chemtcal formula VIa a procedure sImtlar to that
described in SectIon 2 8 of the guIde


The spectfic graVIty of the hqUld should Ideally be the value aSSOCIated WIth the hqUld
at its temperature in the contatner or tank of concern Note, however, that thIS value VarIes
very httle with changes m temperature for the vast maJonty of hqUlds for WhICh thIS model IS
apphcable. The spectfic graVIty given on a typICal matenal safety data sheet (MSDS) WIll be
acceptable ill most cases.
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The hqUld dtscharge rate and durallon of dtscharge are usually computed via use of an
appropnate model from the Discharge Model SeleCllon Menu. Any attempt to esttmate pool
areas before these mput parameters have been computed will result m a warnmg to the user
and a quesllon as to whether he or she Wlshes to conllnue the analysIs.


As dtscussed m Chapter 2 of thIs guide, many propemes of hazardous matenals are a
funCllon of temperature, With one of the most Important being the vapor pressure of the
substance (smce thIs property will ulttmately have a major effect on the magmtude of toXiC
or flammable vapor dtspersion threats) Consequently, for plannmg purposes, It IS desrreable
to select both tank and ambient envrronmental temperatures among the highest that may be
expenenced durmg a typiCal year In selecting these temperatures, note that the temperature
of the contents mSIde a metal tank can often (not always) be 20°F or more hIgher than the
ambient arr temperature on a sunny day. Even when not higher m the contamer, the
temperature of the hqUld may mcrease upon spillage onto a hot surface or when exposed to
the sun (pamcularly when the vapor pressure of the matenalls relatively low and evaporative
coohng does not playa major role).


ASSistance m selection of a wmd velOCity that IS consistent With the atmosphenc
stability class specIfication that WIll be reqUIred by one or more subsequent models is
prOVIded durmg model use (upon request of the user) by dtsplay of the class selection chart
(reproduced here m Table 12.8). The longest downwmd hazard dtstances along the
centerhne of the wmd dtrectIon are usually obtamed when stability class F IS specified, and
thiS IS usually a good chOice for general emergency planmng purposes -- as IS a wmd velOCity
speCification of 4.5 mph. However, be adVISed that there may be exceptIons to this general
rule when an evaporating hqUld pool IS the source of hazardous vapor emISSions HIgher
wmd velOCIties typically produce greater evaporation rates, yet are usually aSSOCIated with
atmosphenc stability classes other than F Thus, the actual worse case for tOXIC vapor
dtspersion hazard assessments may mvolve a dtfferent combmatIon than suggested above for
some materials. In the absence of more preCIse histoncal meterologIcal data for the regIon of
concern, an atmosphenc stabilIty class of D together With a wmd velOCIty of about 10 mph
can be assumed to evaluate threats under more typiCal atmosphenc conditions. (Note. The
wind velOCity and atmosphenc stability class are not always used by these models but are
always requested. They will defimtely be needed by subsequent models so this poses no
addttIonal burden on the user.)


The user may request aSSIstance m determInmg the vapor pressure of the hqUld at the
point m ttme that the program asks for thIS parameter value. See Section 12 28 below for a
descnption of the Vapor Pressure Input ASSIstance Subprogram.
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TABLE 12.8
ATMOSPHERIC STABILITY CLASS SELECTION TABLE


A -- Extremely Unstable ComhtIons
B -- Moderately Unstable CondIt1ons
C -- Shghtly Unstable CondIt1ons


D -- Neutral CondIt1ons*
E -- Shghtly Stable CondIt1ons
F -- Moderately Stable CondIt1ons


Daytime Conditions Nighttime Conditions


Strength of sunlight


Surface Wind Strong Moderate Slight Thin Overcast < or =3/8
Speed, mph > or =4/8 Cloudness


Cloudiness**


Less than 45 A A-B B - -
45-67 A-B B C E F


67-112 B B-C C D E


134 C C-D D D D


Greater than 13 4 C D D D D


*Apphcable to heavy overcast condItions day or mght


**Degree of Cloudmess = Fraction of sky above honzon covered by clouds







Many facilittes Install secondary contamment systems In the form of chkes, curbs,
sumps, or p1tS des1gned to restnct and contam the spreading of discharged hqUlds In the event
of an acc1dental splll The program will ask 1f such a system 1S present If the answer 1S yes,
the program w1ll next ask the user to prov1de an estlmate of the area to wh1ch hqUld
spreading will be restncted.


In the event that the program decIdes 1t best to assume that the hqUld will boll upon 1tS
release to the envrronment, 1t wlll drrectly compute the area of the bolling pool In all other
cases, the program will frrst estlmate the maximum credible pool area for non-boliIng but
potenttally volatlle hqUld pools based on the Information prov1ded. It w1ll then proceed to a
menu that prov1des the user w1th a varlety of opttons for spec1fyIng or estlmattng the
expected pool area


Once the area of the evaporattng or potenttally bollmg pool has been determmed, 1t
next becomes necessary (only In the case of combusttble or flammable hqUlds) to estlmate
the area of the burning pool that will occur 1f the hqUld 1S 19n1ted Th1s frrst involves a
questton to the user as to whether he or she w1shes to assume the hqUld 1S 19n1ted
lmmedIately upon release or after the pool has attained 1tS maxlmum S1ze, W1th the latter
chOice resulttng In the larger and more hazardous frre. The program wlll then proceed to
estlmate the area of the resulting burmng pool.


Model Results and Usage


Use of the model proVldes two results The frrst 1S the approx1mate area of the
expected boliIng or evaporattng hqUld pool The second, only prov1ded In the case of
combusnble or flammable hqUlds, 1S the estlmated area of the burning pool


The bollmg or evaporattng pool area 1S typ1Cally utlhzed as an Input parameter to the
hqUld pool evaporatton rate and duranon estlmanon model (Hazard Model Menu Optton C).
In addInon, thIs area 1S used to adjust estlmated imnal evacuatton zone w1dths resulnng from
use of the tOXlC vapor dispersIOn model (Hazard Model Menu Opnon D). The estlmated area
of the burning pool 1S normally utthzed as an Input parameter to- the hqu1d pool frre model
(Hazard Model Menu Opnon E)


Major Assumptions ofthe Methodologies


Esttmatton of pool areas resulttng from hqUld sp1lls 1S one of the most dllficult and
error prone aspects of acc1dent scenarlO evaluattons for hazardous matenals, except In those
cases In wh1ch the discharge source 18 confined by a secondary containment system of known
dlmensIOns and the hqUld will cover the the bottom of the confinement area Unconfined
spliis rarely occur In a locatton where the ground surface 1S flat and lmpermeable to hqUlds
Rather, In the real world, and parncularly In transportatIon acc1dents, the spl1led hqUld will
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usually follow rainwater drainage paths wlnle slmultaneously vaponzmg, burnmg, and/or
soaking into the ground. Thus, this model IS actually compnsed of a number of dIfferent
estimation procedures, all designed to ease the task of the program user m obtammg a
reasonable though not always highly accurate answer.


In the case of hquids that are expected to boll upon release to the enVIronment, the
program uses a relatively simple and crude methodology to estImate the rate at WhICh the
liquid will vaporize. It then uses thIs rate in conjunctIon WIth a hqUId spreadIng model to
estimate the desired pool area. Vanous assumptIons made are descnbed m AppendIx B.


For non-boiling liqUIds, the program fIrst uses an evaporatIon rate model m conjunctIon
with a pool spreadIng model to estImate the pool area that would be necessary m order for
the total vaporizatIon rate of the spilled hqUId to apprOXImate the dIscharge rate of the hqUId
from its tank or other contamer. The result IS a maxImum credible pool area that prOVIdes an
upper bound that cannot be exceeded. The program then prOVIdes the user vanous optIOns
for estimation of a more accurate pool area. AssumptIons of these procedures are agam of a
rather technIcal nature and reqUIre reference to AppendIx B of thIs guIde.


Burnmg pool areas are determmed m a fashIon SImIlar to that used for boIlmg pools
with the exception that the vaporization rate of the pool IS replaced WIth an estImate of the
rate at which the liqUId will burn.


12.18 HAZARD MODEL MENU OPTION C: POOL EVAPORATION RATE AND
DURATION ESTIMATES


Purpose ofMethods


Once the area of a boiling or evaporating pool of hqUId has been estImated by the
above model or provided by the user, It next becomes necessary to obtaIn an estImate of the
total rate at whIch at whIch potentially hazardous vapors wIll evolve from the pool and the
duration ofvapor evolution.


Required Input Data


Input parameter values that are most commonly requested by the program are lIsted
below. If the hquid IS among a small group of substances WIth an extremely low normal
boiling point, only the boIlmg pomt, the dIscharge rate of the lIqUId m pounds per mmute,
and the duration of discharge m minutes WIll be requested.


• Normal boiling pomt of the hqUId COF)
• Molecular weIght of the hqUId
• Specmc graVIty of the hqUId
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• Temperature of the hqmd m Its contamer (OF)
• AmbIent envrronmental temperature (OF)
• Vapor pressure of the hqmd at ambIent temperature (mm Hg)
• Area of the evaporatmg or bollmg pool of hqmd (ft2)


• Total weIght of discharged hqmd (lbs)
• Atmosphenc Stablhty class (A to F)
• Wmd velocIty (mph)


The program provIdes aSSIstance (upon request of the user) m computmg the molecular
weIght of the discharged substance from ItS chemlcal formula VIa a procedure slmllar to that
descnbed m Section 2 8 of the gmde


The specIfic graVIty of the hqmd should Ideally be the value assocIated WIth the hqmd
at Its temperature m the container or tank of concern Note, however, that thIS value vanes
very httle WIth changes m temperature for the vast maJonty of hqmds for WhICh thIS model IS
apphcable. The specIfic graVIty glVen on a typICal matenal safety data sheet (MSDS) wIll be
acceptable m most cases


As discussed m Chapter 2 of thls gUIde, many propertIes of hazardous matenals are a
function of temperature, WIth one of the most Important bemg the vapor pressure of the
substance (smce thIS property WIll ultimately have a major effect on the magnItude of tOXIC
or flammable vapor dispersIOn threats) Consequently, for planmng purposes, It IS desrreable
to select both tank and ambIent envrronmental temperatures among the hlghest that may be
expenenced dunng a typICal year. In selecting these temperatures, note that the temperature
of the contents mSlde a metal tank can often (not always) be 20°F or more hIgher than the
ambIent arr temperature on a sunny day Even when not higher m the contamer, the
temperature of the hqmd may mcrease upon spIllage onto a hot surface or when exposed to
the sun (partIcularly when the vapor pressure of the matenalls relatively low and evaporative
coohng does not playa major role)


The user may request aSSIstance m detefmlnmg the vapor pressure of the hqmd at the
pomt m time that the program asks for thIS parameter value See Section 12 28 below for a
descnptIon of the Vapor Pressure Input ASSIstance Subprogram


The area of the evaporattng or bollmg pool IS usually computed VIa use of the pool area
esttmatIon method hsted as Option B on the Hazard Assessment Model SelectIOn Menu
The total weIght of spilled hqmd IS usually determlned Via use of one of the models aVailable
from the DIscharge Model Selection Menu Any attempt to use thIS model before these
parameters have been estimated by a pnor model WIll result m a warnmg to the user and a
queStion as to whether he or she WIshes to conttnue the analySIS
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Assistance in selection of the appropnate atmosphenc StabIhty class and a wind
velocity consIstent WIth thIs class IS proVIded (upon request of the user) by reproduction of
the class selectIon chart (reproduced here In Table 12.8). The longest downwind hazard
distances along the centerhne of the WInd dlrecnon are usually obtaIned when stabIhty class
F is specified, and thIs IS usually a good chOIce for general emergency planning purposes -
as is a WInd velOCIty specIficatIon of 45 mph However, be adVISed that there may be
excepnons to thIs general rule when an evaporattng hqUld pool IS the source of hazardous
vapor ennssions. Hlgher WInd velocInes typICally produce greater evaporanon rates, yet are
usually aSSOCIated WIth atmosphenc StabIhty classes other than F Thus, the actual worst
case for toXIC vapor dIspersIon hazard assessments may Involve a dIfferent combinatIon than
suggested above for some matenals. In the absence of more precIse hlstoncal meterologIcal
data for the regIon of concern, an atmosphenc StabIhty class of D together WIth a WInd
veloCIty of about 10 mph can be assumed to evaluate threats under more typICal atmosphenc
conditions. (Note: The WInd velocIty and atmosphenc stability class are not always used by
this model but are always requested They will definItely be needed by subsequent models so
thIs poses no addInonal burden on the user)


Model Results and Usage


Results of the model Include the rate of vapor evolunon Into the atmosphere In pounds
per mInute and the duranon of vapor evolunon In nnnutes These results are typIcally
utilized as necessary as Input parameter values to the tOXIC vapor dIsperSIOn model (Hazard
Model Menu Opnon D) and/or the vapor cloud or plume fIre hazard model (Hazard Model
Menu Opnon H).


Major Assumptions ofthe Methodologies


As In the case of pool area estImanon, estImatIon of pool vaponzatIon rates and
durations from hqUld spills IS one of the most dIfficult and error prone aspects of aCCIdent
scenario evaluatIons for hazardous matenals Although relatIvely SOphIStICated and accurate
estImatIon methods have been developed and valIdated In recent years, they unfortunately
requIre knowledge of chenncal property data that are not always readIly avaIlable and/or
entaIl complex algonthms that demand exceSSIve computatIon tImes on typICal personal
computers. AppendIx B descnbes the rather unusual and rel~tIvely SImple and crude
methodology employed by ARCHIE Be adVIsed that answers wIll not be hIghly accurate
but will be In the correct "ballpark" for most cases Only occaSIOnally should vaponzanon
rates be underestImated
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12.19 HAZARD MODEL MENU OPTIOND: TOXIC VAPOR DISPERSION MODEL


Purpose ofModel


The dIscharge, emission, or release of a tOXIC gas or vapor to the atmosphere has the
potentIal to pose an mhalatIon hazard to downWInd populatIons under a wIde vanety of
CIrcumstances The purpose of thIS model IS to proVIde an estImate of the mmensIOns and
charactensncs of the ImtIal downwmd zone that may reqUIre protecnve acnon m the event of
a hazardous matenal dIscharge.


Although pnmanly deSIgned for gas or vapor releases, the model can be used m a very
approxImate fashIOn for dIscharges of fme dusts or powders to the atmosphere. In such
cases, the user wIll be reqUIred to estImate and provIde the program WIth the rate at WhICh
these matenals are emltted to the atmosphere and the duranon of thIS emlSSIOn


Required Input Data


The model requIres eIght mput parameter values, these bemg.


• Molecular weIght of the tOXIC substance
• TOXIC vapor llmlt selected by the user (ppm, mg/m3, or gm/m3)


• DIscharge heIght of the vapor or gas above groundlevel (ft)
• Atmosphenc stability class (A to F)
• Wmd velocIty (mph)
• Temperature of the toXIC substance m Its contamer (OF)
• AmbIent enVIronmental temperature (OF)
• Vapor/gas emlSSIOn rate (lbs/mmute)
• Duranon of vaporIgas emlSSIOn (mmutes)


The program provIdes aSSIstance (upon request of the user) m computIng the molecular
weIght of the dIscharged substance from ItS chemlcal formula VIa a procedure SImIlar to that
descnbed m SectIon 2 8 of the guIde.


SelectIon of an appropnate tOXIC vapor hmlt IS mscussed in Chapter 6. Note that the
program will prOVIde you WIth a chOIce of umts m whIch thIs tOXIC hmIt may be expressed
All subsequent presentanons of results, however, will utlhze umts of parts per mllhon (ppm)
by volume m arr.


ASSIstance m selectIon of the appropnate atmosphenc stablhty class and a wmd
velocity conSIstent WIth this class IS prOVIded (upon request of the user) by reproductIon of
the class selecnon chart (reproduced here m Table 12 8) The longest downWInd hazard
mstances along the centerhne of the wmd drrectIon are usually obtamed when stablhty class
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F is specified, and tins IS usually a good chOIce for general emergency plannmg purposes -
as IS a wind velOCity speclficaoon of 4.5 mph However, be adVIsed that there may be
excepoons to tins general rule when an evaporaong hqUld pool IS the source of hazardous
vapor emlssions HIgher wmd velocloes typically produce greater evaporaoon rates, yet are
usually associated With atmosphenc stability classes other than F Thus, the actual worst
case for toxic vapor msperslOn hazard assessments may mvolve a mfferent combmaoon than
suggested above for some matenals. In the absence of more precise hlstoncal meterologlcal
data for the region of concern, an atmosphenc stability class of D together With a wmd
velOCity of about 10 mph can be assumed to evaluate threats under more typiCal atmosphenc
conmoons


As mscussed m Chapter 2 of tins guide, many properties of hazardous matenals are a
function of temperature, With one of the most Important bemg the vapor pressure of the
substance (since tins property Will ulomately have a major effect on the magmtude of tOXIC
or flammable vapor msperslOn threats). Consequently, for planmng purposes, It IS desrreable
to select both tank and ambient envrronmental temperatures among the highest that may be
experienced dunng a typiCal year. In selecong these temperatures, note that the temperature
of the contents mSlde a metal tank can often (not always) be 20°F or more higher than the
ambient arr temperature on a sunny day.


The vapor or gas emlSSlon rate to the atmosphere and the duratlon of the emlSSlon are
usually computed by one or more of the preced1ng models on the Hazard Assessment Model
Selectlon Menu. Any attempt to use the tOXIC vapor msperslOn model before these
parameters have been computed will result m a warnmg to the user and a question as to
whether he or she Wishes to contlnue the analysIs


Model Results and Usage


Estimaoon of hazard zone mmenslOns and charactensucs requrres a complex Iterauve
procedure that hterally searches m the downwmd drrecuon for mstances associated with the
user speclfied tOXiC 1lmlt concentrauon The program msplays the results of thiS search as It
proceeds to find the downwmd length of the hazard zone at the discharge height of the vapor
or gas, the peak concentraoon expected at groundlevel together With the locauon of thiS peak
for elevated sources, and the downwmd length of the hazard zone at groundleveI. It then
provides a summary report of mstances appropnate for the scenano bemg evaluated.


,
Two tables provide groundlevel concentraoons, source height concentrations, recom-


mended Imual evacuaoon zone Widths, contamInant arnval omes, and contamInant departure
times as a function of downWind mstance.
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Due to the numerous uncertamnes assoclated Wlth even the most sophlsncated vapor
chsperslon modehng procedures, emergency planners should use the results of thlS model
only as gUldeposts m declslons regarchng necessary protecnve acnon m the event of an actual
emergency. The pnme value of the model is in ItS abillty to provlde a rough estImate of the
magmtude of downwmd areas that will be at nsk, and m no way should model results be
expected to be elther hlghly accurate or preclse. Indeed, be adVlsed that many profeSSIOnals
conslder the answers produced by a vapor chsperslOn model to be of acceptable accuracy rr
they are correct wlthIn a factor of two m 50% or more of mals.


A speclal note IS necessary Wlth respect to the procedures used to estImate contaminant
arnval and departure tImes at downwmd locanons. Smce the veloclty of the wmd generally
mcreases Wlth height, and smce the wmd veloclty reported by meteorolOgists IS usually the
veloclty measured at a helght of 10 meters (about 33 feet) above the ground surface,
estImanon of these nmes IS at best hlghly approxlmate, pamcularly rr the source of tOXlC gas
or vapor emlSS10nS is elevated above the ground The model will generally underesnmate
rather than overesnmate contamlnant arnval nmes, but excepnons to thlS general rule are
distinctly posslble. Slmilarly, the model will generally overesnmate rather than underesti
mate contamlnant departure nmes, but excepnons to this general rule are agam posslble
under certam CIrcumstances. See Appendix B for detmls of the computanon procedures


Yet another speclal note IS necessary Wlth respect to the evacuanon zone widths
prechcted by the model when the wmd velocines m the hazard zone are very low Under
such conchnons, the direcnon of the wmd can become very erranc, and It may not always be
Wlse to fully trust the results of the analysls m terms of ItS hlgh probablhty that the wmd Wlll
not change drrecnon wlthm the fIrst hour of the release. Be prepared at any nme under low
wmd condlnons for one or more sudden shUts m Wlnd drrection and the posslb111ty that the
cloud or plume of vapor or gas may hterally "hop" from one position or direction to another.
Also, always remember that the evacuanon zone Wldths are based on a probablllstl.c
evaluanon of wmd drrecnon shrrts Many a favonte race horse at the track has lost its event
by a wlde margm. Longshots actually wm at nmes.


Use of model results are rather self-eVldent. They proVlde emergency planmng
personnel Wlth an mdicanon of the land area and thus populanons subject to mhalanon
exposures at or above the specmed tOXIC hmlt concentranon in the event of an accldent In
adchtion, they proVlde an estImate of the duranon of the tOXIC vapor or gas hazard These
Items of mformanon, m t'.:un,_ pefmlt estimanon of the number of people m the Junschcnon of
concern that may requrre nonficanon, protecnve acnon, transportanon, shelter, mechcal care,
and so forth.


12-61







Major Assumptions ofthe Methodology


The partIcular vapor dispersion model bemg utilized for tOXIC vapors pnmanly
assumes:


• The discharge IS of :flnite duration.
• All vapors or gases are discharged from a smgle pomt
• The vapors or gases are neutrally buoyant.
• The ground surface IS flat and generally free of obstacles.
• Atmosphenc conditions remam constant dunng the discharge.
• The emlSSlOn rate to the atmosphere IS a constant dunng the release
• The gas or vapor enters the atmosphere at a low velocity
• Only gases or vapors are bemg released to the atmosphere


Because of the importance of this tOpiC, Sections 3 5 and 3 6 of the gUlde are devoted
to a descnption and discusslOn of fundamental vapor dispersion phenomena and the factors
that influence the size and charactenstics of downWlnd hazard zones Please refer to these
sections for an understandmg of the slgmficance of these assumptions. Also note that
Appendix B of the guide proVldes additional discusslOn of model assumptions, albeit m more
techmcal terms.


Be advised and stay aware that there IS at least one special case m which the type of
dispersion model(s) bemg employed by ARCHIE may underestimate downWlnd hazard zone
lengths. This mvolves scenanos m which a compressed hquefled gas under very high
pressure in Its container vents a high velocity Jet of gas and hqUld aerosols at a high rate m
the downwmd direction. When the Jet IS forceful and the gas and aerosol mlxture IS
heavier-than-arr, actual downwmd travel distances to given concentrations m arr may at times
exceed those predicted by ARCHIE


Due to the pOSSibility that arrborne contamlnants released well above the ground
surface may be forced by local terram effects to drop to groundlevel locatlOns sooner than
would be expected, It IS worthy to hlghhght the fact that evacuation zone Width estlmates are
based on the assumption that all discharges occur at groudlevel In other words, populations
residing under a cloud or plume of arrborne contamlnants are always assumed to be at nsk
regardless of the fact that there may be times when the cloud or plume may harmlessly pass
over them.
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12.20 HAZARD MODEL MENU OPTION E: LIQUID POOL FIRE MODEL


Purpose ofModel


The purpose of the hqUld pool fIre model IS to compute the radlus of the cIrcular zone
around a fIre m winch unprotected and/or unsheltered people may expenence lethal burns
due to thermal radlanon exposures. Adchnonally, the model computes the rachus of the zone
m WhICh second degree burns and/or severe pam may be expenenced by exposed mchvlduals


Required Input Data


The model requIres four mput parameter values, these bemg


• Molecular weIght of the hqUld
• SpecIfic graVlty of the hqUld
• Normal bolling pomt temperature of the hqUld (degrees F)
• Area of the burnmg pool (ft2)


The program provIdes assIstance (upon request of the user) m computtng the molecular
weIght of the chscharged substance from ItS chemlcal fonnula vIa a procedure slmllar to that
descnbed m Secnon 2 8 of the guIde.


The specIfic graVIty of the hqUld should Ideally be the value aSSOCIated wIth the hqUld
at ItS temperature m the contamer or tank of concern Note, however, that tins value vanes
httle WIth changes m temperature for the vast maJonty of hqUlds for WhICh thIS model IS
apphcable The specIfic graVIty glven on a typICal matenal safety data sheet (MSDS) wl1l be
acceptable m most cases.


The area of the burnmg pool IS typICally esnmated usmg one of the pool area
esnmanon procedures avmlable when Opnon B IS selected from the Hazard Assessment
Model Selecnon Menu An attempt to use thIS model before this area has been computed
will result m a wammg to the user and a quesnon as to whether he or she WIshes to connnue
the analySIS.


ModelResults and Usage


The model provIdes the rachus of the burnmg pool, the heIght of the expected flame,
the rachus from the center of the pool m whIch exposed people may be fatalIty burned, and
the rachus from the center of the pool m whIch exposed people may expenence second
degree burns or severe pmn
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These results are useful to emergency planmng personnel for estunatmg the number of
people that may requrre rescue and mechcal care, and for gIvmg fIre departments an
indIcation of the size and nature of the fIre they must be prepared to confront. They are also
potentially useful for Identlfymg other contamers or stores of hazardous matenals m the area
that may be subject to fIre or thermal radIation exposures, possibly resulting in a tank
overpressurizatlon explosion, a massive dIscharge of tOXiC gas, formation of a f'rreball, and/or
the high velOCity dIssemmatlon of contamer fragments that may damage more dIstant
containers or populations.


Major Assumptions ofthe Methodology


The model assumes that the wmd velOCity m the burnmg pool area w111 be msuffIclent
to tilt the flame in the drrectlon of the wmd to a slgmfIcant degree, thus resulting m crrcular
hazard zone estimates In the event the wmd does mdeed cause tilting of the flame, hazard
zones will be more of an oval shape and have a somewhat greater radIus from the flame m
the downwmd drrectlon The radn of the respective zones wlll be somewhat smaller m the
upwmd drrecnon.


The model assumes that people m drrect view of the flame and In the open Will have
exposed sIan. In other words, therr sIan wlll not be protected completely from the effects of
thermal radiation by any clothmg bemg worn


Hazard zone estunates are based on the assumption that the base of the flame w111 be
farrly crrcular In shape. Any major deViation from such a shape may mvalldate model
results, but these results are hkely to remam conservative


The model assumes that neither carbon dIOXide or water vapor m the arr w111 absorb
any of the thermal radIation Impmgmg on exposed people


Based on expenmental data, a radIanon mtenslty of 5 kW/m2 ( 1600 Btu/hr-ft2) was
selected for the purpose of def'mmg mJury zones smce thIs mCldent flux w111 cause second
degree burn injunes on bare skin wlthm 45 seconds An mCldent flux level of 10 kW/m2


(3200 Btu/hr-ftz) was chosen as the level capable of causmg fatalities among exposed people
since it can be expected to qUIckly cause thrrd degree burns leadIng to potential fatahtles.


12.21 HAZARD MODEL MENU OPTION F: FLAME JET MODEL


Purpose ofModel


The flame Jet model has the purpose of estunatmg the length of the flame and the zone
around it that may be subjected to harmful levels of thermal radIation when a flammable gas
discharges from Its contamer at high speed and IS Ignited Due to special properties of the
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matenal, be adViSed that the model may greatly overpredIct flame Jet lengths assocIated wIth
dIscharges of hydrogen but IS expected to produce relattvely accurate estlmates for other
substances.


Required Input Data


The model requIres eIght mput parameter values, these bemg


• Normal boilmg pomt of the matenal eF)
• Temperature of the matenal m ItS container eF)
• AmbIent enVIrOnmental temperature eF)
• Pressure of the flammable gas m the container (psla)
• Ratto of speCIfic heats (C.jCJ for the gas
• Molecular weIght of the gas
• Lower flammable hmlt of the gas (volume %)
• DIameter of the hole from WhICh the gas IS venting (mches)


As dIscussed m Chapter 2 of this guIde, many propemes of hazardous matenals are a
functton of temperature, WIth one of the most lmportant bemg the vapor pressure of the
substance (smce thIS property will ultlmately have a major effect on the magnItude of tOXIC
or flammable vapor dIspersIOn threats) Consequently, for plannmg purposes, It IS desIreable
to select both tank and ambIent envrronmental temperatures among the hIghest that may be
expenenced dunng a typICal year. In selecting these temperatures, note that the temperature
of the contents mSlde a metal tank can often (not always) be 20°F or more hIgher than the
ambIent arr temperature on a sunny day.


The user may request aSSIstance m determlning the pressure of the gas or vapor m the
contamer at the pomt m tlme that the program asks for this parameter value See Sectlon
12 28 below for a descnptlon of the Vapor Pressure Input Asszstance Subprogram


The ratto of speClfic heats for the compressed gas or vapor IS a thermodynamlc
property related to the amount of heat necessary to mcrease the temperature of a umt weIght
of gas or vapor by one degree under speclfied condItlons. Pnor to request of this value, the
program will proVlde the user an opportumty to request aSSIstance in selection of an
appropnate speclfic heat ratlo usmg several generalIzed rules-of-thumb (reproduced m Table
12.7) that requIre user knowledge of the chemlcal formula of the hazardous matenal bemg
evaluated. Although the accuracy of model answers would be lmproved by prOVIsIon of a
more precIse value for the substance at or near the temperature m Its contamer, errors
mtroduced by use of the property estlmatlon methods prOVIded by the program should not be
highly slgnlficant m most (but not all) cases
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The program proVIdes assistance (upon request of the user) m computmg the molecular
weight of the dIscharged substance from Its chemlcal formula via a procedure slmllar to that
described m Sectton 2 8 of the gUlde


The lower flammable hmlt (LFL) of a gas or vapor was defined m Chapter 4 of thiS
gmde. Values are always hsted on matenal safety data sheets (MSDS) when appropnate and
aVR1lable for the matenal of concern


The program inherently assumes that the dIscharge outlet IS crrcular m shape In those
instances where the expected shape IS not expected to be crrcular It w111 be necessary to 1)
determme or esttmate the area of the expected outlet m umts of square mches, and 2)
compute the diameter of the eqUlvalent crrcle havmg this area AppendIx A to thiS gUlde
provides assistance m tlus task for those who may requrre guidance


Model Results and Usage


The model esttmates the length of the expected flame Jet and a safe separation distance
from the flame, both m umts of feet If a gas dIscharge model proVldIng a duratIOn of
dIscharge has been used previously, the model w111 also dIsplay the expected duration of the
flame jet m minutes.


The length of the flame Jet and ItS surroundIng hazard zone radIus are useful to
emergency plannmg personnel not only m esttmattng the number of people that may subject
to mjury from the rrre, but perhaps more Importantly, the number and charactenstlcs of other
containers or stores of hazardous matenals at mdustnal sites that may be adversely Impacted
by the fire. Of special concern IS that a flame Jet mvolvmg one storage or transportation
contamer may Impmge on another contamer, thus pOSSibly causmg a tank overpressunzatlon
explOSIOn, a maSSIve dIscharge of tOXiC gas, formation of a rrreball, and/or the high velOCity
dIssemmatton of contamer fragments that may damage more dIstant controners or popula
tions


Major Assumptions ofMethodology


The model assumes that the pressunzed gas or vapor w111 dIscharge at suffiCient
velocity to form a lengthy flame Jet resemblmg a large torch In the event that thiS condItIOn
IS not satisfied, the flame eXiting from the dIscharge outlet IS hkely to be shorter and to curve
upwards. In techmcal terms, thiS model IS said to address turbulent or momemtum
dominated flame Jets. If flow velOCity cntena are not fulfilled, the flame w111 be buoyancy
dominated.


12-66







Due to the compleXities mvolved m estlmatmg safe separation dtstances from flame
Jets that may have a wide vanety of onentations With respect to the person or persons at nsk
of recelvmg burn mJunes, the safe separation dtstance proVided by the model IS SImply tWice
the length of the flame ThiS IS considered to be a conservative estlmate based on evaluations
conducted With more sophisticated models of flame Jet phenomena


1222 HAZARD MODEL MENU OPTION G: FIREBALL THERMAL RADIATION
MODEL


Purpose ofModel


ThiS model charactenzes the fIreball and associated thermal radtation hazard zones
resulnng from exposure of a sealed or madequately vented contamer of a flammable hqUld or
hquefIed compressed gas to an external flIe or other source of excessive heat suffICient to
cause explOSIOn or vIOlent rupture of the contamer. The model may also be used m an
approximate fashion for contamers of flammable compressed gas


Required Input Data


The model only requrres the user to prOVide the weIght m pounds of the flammable
matenal m the container at the pomt m time that It explodes or ruptures. The most
conservative course of action IS to simply assume that the contamer wIll explode or rupture
when It IS full. Reahze, however, that many Bolhng LIqUId Expandmg Vapor ExplOSIOns
(BLEVES) occur when flame weakens the wall of the vapor or head space of the contamer.
If the tank IS farrly full to begm WIth and IS fItted WIth a pressure rehef device, It may vent a
conSIderable portton of ItS contents before occurrence of a BLEVE


Model Results and Usage


The frreball that results from rupture of a tank or container and subsequent Igmtion of
Its contents will qUickly nse whIle grOWIng m size and then burn out. Results of the model
mclude estlmates of the:


• Maximum dtameter of the frreball (ft)


• MaXImum expected heIght of the frreball (ft)


• Estlmated duration of the frreball (seconds)


• Distance (radtus) from the contamer in which fatalities may be expected
due to thermal radtation burns (ft)
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• DIstance (radIus) from the contamer m winch sIgnIficant burn mJunes may
be expected due to thermal radiatIon (ft)


Output of the model durmg the accIdent scenano evaluatIon seSSIon always stresses
that "Bollmg LiqUId Expandmg Vapor ExplOSIOns (BLEVES) may cause hzgh veloczty tank
fragments to travel conszderable dzstances Some tanks, especzally horzzontal cylmdrzcal
types, may rocket whzle spewmg forth flames" See Chapter 5 for a more complete
description and dIScussIon of potentIal fragment hazards.


Results of the model are useful to emergency plannmg personnel m definmg safe
separatIon zones m situatIons where there IS a potentIal for fireball formatIon and fragment
impact hazards. AddItIonally, where the event may occur WIthOUt tIme for protectIve actIons
to be taken, the results can help planners estImate the number of people that may be kIlled or
injured. Although specIfic charactenstIcs and potentIal damages cannot be predetermIned,
the fact that contamer fragments may chsperse at Ingh velOCIty can help IdentIfy other
containers or stores of hazardous matenals that may be Impacted by the aCCIdent and pose
additional threats to the public.


Major Assumptions ofthe Methodology


Key assumptIons of the model mclude:


• No thermal radiatIon will be absorbed by water vapor or carbon dIOXIde gas
present m the atmosphere


• All flammable matenals of mterest are snndar m charactenstIcs to lIque
fied compressed propane.


• Both the contamer and exposed people are on or near the ground


• The burn seventy depends upon the amout of energy absorbed by the skIn
after a surface temperature of 55°C IS aclneved See AppendIx B for
additional mformatIon.


12.23 HAZARD MODEL MENU OPTION H: VAPOR CLOUD OR PLUME FIRE
MODEL


Purpose ofModel


A plume or cloud of flammable vapor or gas has the potentIal to eIther bum or bum and
then explode upon encountenng a SUItable source of IgnItIon. The purpose of thIS model IS to
estimate the dImenSIOns of the downwmd area that may be subjected to flammable and
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potenttally explosive vapors or gases m the event of an accidental discharge In addItton, the
model estlmates the maximum weight of flammable of explOSive gas that may be arrborne at
any tlme dunng dispersIOn of the cloud or plume.


Required Input Data


The model reqUIres the followmg mput parameter values·


• Molecular weight of the substance
• Normal bolhng point of the discharged matenal (OF)
• Temperature of the substance m ItS contamer (OF)
• Ambient enVIronmental temperature (OF)
• Vapor pressure of the substance after splIl (mm Hg)
• Lower flammable hmlt of the gas or vapor (volume %)
• Atmosphenc stablIlty class (A to F)
• Wmd velOCity (mph)
• Vapor/gas emlSSIOn rate (lbs/mmute)
• Duratton of vapor/gas emlssion (mlnutes)


The program proVldes assistance (upon request of the user) m computtng the molecular
weight of the discharged substance from ItS chemlcal formula Vla a procedure slmllar to that
descnbed m Sectton 2 8 of the gmde


As discussed m Chapter 2 of thIs gUide, many propemes of hazardous matenals are a
functton of temperature, Wlth one of the most Important bemg the vapor pressure of the
substance (smce thIs property will ulttmately have a major effect on the magnitude of tOXIC
or flammable vapor dlspersIOn threats) Consequently, for plannmg purposes, It IS desIreable
to select both tank and ambient environmental temperatures among the highest that may be
expenenced dunng a typiCal year. In selecttng these temperatures, note that the temperature
of the contents mSlde a metal tank can often (not always) be 20°F or more higher than the
ambient arr temperature on a sunny day.


The user may request assistance m determlnmg the vapor pressure of the dlscharged
substance at the pomt m time that the program asks for thiS parameter value See Sectton
12.28 below for a descnptton of the Vapor Pressure Input Asslstance Subprogram. The
model uses the vapor pressure m thiS case Simply to confIrm that flammable vapors can be
generated at speclfied temperatures m the external environment Thus, 1f the vapor pressure
of the gas or vapor IS above one atmosphere (eqUIvalent to 760 mm Hg), the value displayed
wlIl be hmlted to a maximum vapor pressure of 760 mm Hg


12-69


i I







The lower flammable lnmt (LFL) of a gas or vapor was defined m Chapter 4 of this
guide. Values are always listed on matenal safety data sheets (MSDS) when appropnate and
available for the matenal of concern.


Assistance in selection of the appropnate atmosphenc StabIhty class and a wind
velocity consistent with thIs class IS provided (upon request of the user) by reproductIon of
the class selectIon chart (reproduced here m Table 12.8) The longest downwmd hazard
dIstances along the centerhne of the wmd dIrectIon are usually obtamed when stabilIty class
F IS specIfied, and thIs IS usually a good chOIce for general emergency planmng purposes -
as IS a wmd velOCIty specIficatIon of 4 5 mph However, be adVIsed that there may be
exceptIons to thIs general rule when an evaporatIng hqUld pool IS the source of hazardous
vapor emissions. HIgher wmd velOCItIes typICally produce greater evaporatIon rates, yet are
usually aSSOCIated With atmosphenc stability classes other than F Thus, the actual worst
case for toxic vapor dIspersIOn hazard assessments may mvolve a dIfferent combmatIon than
suggested above for some matenals In the absence of more preCIse histoncal meterologIcal
data for the region of concern, an atmosphenc stability class of D together With a wmd
velocity of about 10 mph can be assumed to evaluate threats under more typICal atmosphenc
conditIons


The vapor or gas emISSIOn rate to the atmosphere as well as the duratIon of the
emISSIOn is usually computed by one or more of the precedIng models on the Hazard
Assessment Model SelectIon Menu Any attempt to use the tOXIC vapor dIsperSIOn model
before these parameters have been computed will result m a warnmg to the user and a
question as to whether he or she WIshes to contInue the analySIS


Model Results and Usage


Output of the model mcludes:


• Downwind hazard dIstance (feet)
• Maximum downwmd hazard zone WIdth (feet)
• Maximum weight of arrborne gas (lbs)
• InItIal relatIve vapor/arr denSIty
• Type of model used for analySIS


Two sets of results are proVIded for the fITst four Items m the above hst The fITst set IS
based on a concentratIon that IS 50% of the speCIfied lower flammable hmit (LFL) for the
gas or vapor m arr. The second IS based on the full value of the LFL
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The concentration of a gas or vapor at any speclfic pomt downwmd will fluctuate about
an average value due to atmosphenc turbulence even If all other factors that can mfluence
vapor d1sperslon phenomena remam unchanged Vapor d1sperslOn models, mcludmg the
models m ARCHIE, are usually formulated to provide thIs average value as a function of
downwmd location, whIch IS perfectly acceptable for consideration of tOXIC gas or vapor
d1sperslOn hazards. In the case of flammable gases o~ vapors, however, It IS necessary to
make a d1sttnction between that portton of a cloud or plume that can burn and that portton
that may explode, and this requrres consideration of peak to average concentrations at
downwmd locations. Without getttng mto more techmcal details, suffice It to say that a
cloud or plume has the potential to burn out to the boundanes of the area encompassed by a
gas or vapor concentration that IS approxImately one-half the LFL. The area subject to
explosIOn, however, IS better esttmated VIa use of the actual LFL value.


This procedure m ARCHIE actually consists of two separate and d1stlnct models. If the
program decides that the gases or vapors released to the atmosphere are best treated as bemg
neutrally buoyant, It uses elements of the tOXIC vapor d1sperslOn model to prOVIde desrred
results. Conversely, If the vapors are deemed to be best treated as bemg negatively buoyant
m arr, It uses a specially formulated and SImpllfied heavy gas model


Results of the model pnmanly prOVide emergency planmng personnel WIth an
mdIcation of the size of the hazard zone that may be subject to a vapor or gas cloud or plume
deflagration, and thus, ind1catlons of the number of people that may be lalled or severely
mJured, and the number and charactenstlcs of bUlld1ngs and other resources that may be
exposed to the flame The maxImum weight of potentially explOSIve arrbome gas or vapor
esttmated by the model IS typIcally utlhzed as an mput parameter to the unconfined vapor
cloud or plume explosion model (Hazard Model Menu Option I).


Major Assumptions ofthe Methodology


Assumptions asSOCIated With use of the vapor dIspersion model for neutrally buoyant
vapors or gases are d1scussed m Section 12 19 above TechnIcal details and assumptions of
the heavy gas model are prOVIded m Appendix B to thiS gmde.


The decISion as to which of the two models IS to be used IS based on a computation of
the ratio of the vapor-arr mlXture denSity to the denSIty of pure arr The computation
procedure leadmg to thIs relative vapor density is presented m Section 2 6 of the guIde. The
concentration of gas or vapor m arr IS taken to be 100% by volume m the event of pressurized
gas releases
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The program assumes that the vapor or gas IS best treated as being neutrally buoyant If
its initial relative vapor density has a value of 15 or below. Values above 1.5 lead to use of
the heavy gas model for negatIvely buoyant gases or vapors. Note that thIS verSlOn of
ARCHIE IS mcapable of takmg the presence of arrborne lIqUId aerosols mto account and may
therefore occasionally eIT durmg thIS process.


Be advised and stay aware that there IS at least one speCIal case m WhIch the type of
dispersion model(s) being employed by ARCHIE may underestImate downWind hazard zone
lengths. ThIs involves scenanos m whIch a compressed lIquefied gas under very hIgh
pressure in its container vents a high velOCIty Jet of gas and lIqUId aerosols at a hIgh rate In
the downwmd direction When the Jet IS forceful and the gas and aerosol mIxture IS
heavier-than-air, actual downwind travel distances to given concentrations In arr may at tImes
exceed those predIcted by ARCHIE.


12.24 HAZARD MODEL MENU OPTION 1: UNCONFINED VAPOR CLOUD
EXPLOSION MODEL


Purpose 01Model


Although some flammable and therefore potentIally explOSIve gases and vapors have a
greater propensity to explode than others upon IgnItiOn when at or above theIr respectIve
lower flammable limIt (LFL) concentrations m the open enVIronment, the threat of such an
explosion eXiSts with a large number of hazardous matenals. ThIS threat Increases for most
materials as the degree of confinement IS mcreased.


The purpose of thIs partIcular model m ARCHIE IS to evaluate the Impacts of an
explosion involvmg an unconfmed (or even partIally confmed) gas or vapor cloud or plume
in air.


RequiredInput Data


Input data and information reqUIred by the model mclude.


• Lower heat of combustion of the gas or vapor (Btu/lb)
• Yield factor for the explOSIon
• Weight of arrborne flammable gas or vapor (lbs)
• Location of the exploslOn relative to the ground surface


The heat of combustion of a matenal IS the amount of heat generated when a UnIt
weight of the substance is burned under specIfied conditions The lower heat of combustion
ideally desired for model use is the amount of heat lIberated when the matenalis burned In
oxygen at a temperature of 25°C (77°F) and the products of combustion, mc1udIng any water
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that may form, remaIn as gases The mput screen for the parameter provIdes guIdance for
selectmg a value when more preCIse data are unaVaIlable. For mformatIOnal purposes, It IS
noted that the CHRIS Hazardous Chemical Data manual aVaIlable at a cost of $41 m late
1988 from branches of the Government Pnntmg Office contaIns the desrred value for over
1200 hazardous materials ThIs manual IS WIdely used by frre servtce and other emergency
response personnel across the country and IS very lIkely to be locally aVaIlable No
hazardous matenals lIbrary would be complete WIthout the document


When a volume of gas or vapor in arr burns and explodes, only a small fracnon of the
energy m the cloud or plume actually contnbutes to the formanon of shock or blast waves
that can damage people and property. ThIS fracnon IS referred to as the Yleld factor and
vanes for dIfferent matenals Upon request of the user, the program will prOVIde gUldance for
selecnon of an appropnate yIeld factor for the substance of concern when It IS completely
unconfmed In the enVIronment ThIS gUldance IS reproduced In Table 129. Pay SpeCIal
attennon to the fact that the guIdance only applIes to sltuanons In WhICh the gas or vapor
cloud or plume IS completely unconfined YIeld factors can Increase substannally when there
IS a slgmficant degree of confinement


The weIght of flammable gas or vapor In arr IS usually computed by the vapor cloud or
plume fire model descnbed above (Hazard Model Menu Opnon H) Any attempt to use the
unconfined vapor cloud explOSIOn model before thIS weIght has been computed Will result In
a warning to the user and a quesnon as to whether he or she WIshes to continue the analYSiS
In add1non, the user wIll be warned If the weIght prOVIded IS less than 1000 pounds, since the
probabIlIty of a completely unconfined vapor cloud explOSIOn (based on lnstoncal data) IS
very low In such cases, except for a very few reacnve substances and for situanons In whIch
there IS some degree of confmement pnor to Igmtton


As d1scussed In Chapter 5 of tins guIde, an explOSIOn centered near the ground can
behave qUlte dIfferently than an explOSIOn at some POInt well above the ground surface (a so
calledfree alr blast). Thus, the program asks the user whether a ground or elevated location
should be assumed Be adVISed that the damages caused by a groundlevel explOSIOn WIll be
greater than those caused by a free arr blast when all other factors are equal.


ModelResults and Usage


The model produces a table WhICh lIsts d1stances from the explOSIOn center aSSOCIated
WIth vanous degrees of Injury and damage to people and property. It lS lmportant to reallze
m the case of unconfined vapor cloud exploslOns that the center of the exploslon could be
anywhere wlthm the area subjected to gas or vapor concentratlOns at or above the LFL for
the material ofconcern ThIS area IS usually defined by use of the vapor cloud or plume fire
model descnbed In Secnon 12 23 (Hazard Model Menu Opnon H)
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TABLE 12.9
ASSISTANCE DISPLAY FOR EXPLOSION YIELD FACTOR


YIELD FACTOR SELECTION ASSISTANCE FOR COMPLETELY UNCONFINED
CLOUDS


EXAMPLES OF SUBSTANCES WITH YF =0.03


Acetaldehyde Dimenthyl sulfide Isopropyl alcohol Propanol


Acetone Ethane Methane Propnonaldehyde


Acrylonitrile Ethanol Methanol Propyl acetate


Amyl acetate Ethyl acetate Methyl acetate Propylene


Amyl alcohol Ethyl annne Methyl aunne Propylene dIchlonde


Benzene Ethyl benzene Methyl butyl ketone Styrene


Butadiene Ethyl chlonde Methyl chlonde Tetrafluoroethylene


Butane Ethyl formate Methyl ethyl ketone Toluene


Butene Ethyl propnonate Methyl formate Vmyl acetate


Butyl acetate Furfural alcohol Methyl mercaptan Vmyl chlonde


Carbon monoXIde Heptane Methyl propyl ketone Vmyhdene chlonde


Cyanogen Hexane~ Naphthalene Water gas


Cymene Hydrocyamc aCId ISO - Octane Xylene


Decane Hydrogen Pentane


DIchlorobenzene Hydrogen sulfide Petroleum ether


Dichloroethane Isobutyl alcohol PhthalIC anhydnde


Dimethyl ether Isobutylene Propane


EXAMPLES OF SUBSTANCES WITH YF =0.06


Acrolein Ethylene
Carbon disulfide Ethyl mtnte
Cyclohexane Methyl Vinyl ether
Diethyl ether Propylene OXIde
Dlvinyl ether


EXAMPLES OF SUBSTANCES WITH YF =0.19


Acetylene Isopropyl mtrate
Ethylene OXIde Methyl acetylene
Ethyl mtrate Nltromethane
Hydrazme Vmyl acetylene
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Each of the hazard zone distances estunated by the program IS assocIated WIth a
specIfic peak: overpressure m the shock or blast wave and these m turn are related to specIfic
levels of expected damage usmg the mformanon tabulated in Table 5 1 of thIS guIde Table
1210 illustrates the format of the general results obtaIned from ARCHIE but shows the peak
overpressures aSSOCIated WIth each level of damage or mJury mstead of a specIfic distance


Results of the model provIde emergency plannmg personnel WIth an mdIcanon of the
radiI of the CIrcular zones around the center of the explOSIOn that may be subject to
explOSIOn Impacts ofvanous levels of seventy, thus addInonally proVldmg mdIcanons of the
number of people that may be kIlled or severly mJured, and the number, charactenstIcs. and
level of damage that may be sustaIned by bUIldings. homes. and other resources that may be
exposed to the shock or blast wave


Major Assumptions o/the Methodology


Be adVIsed that model results assume the surrounding area IS essennally flat and
WIthout obstacles In actualIty, potennal reflecnons of the blast or shock wave from bUIldmg
walls or the SIdes of other obstacles and surfaces may cause actual damage patterns to be
somewhat more erranc than those predicted by thIS generalIzed hazard assessment methodol
ogy


12.25 HAZARD MODEL MENU OPTION J: TANK OVERPRESSURIZATION
EXPLOSION MODEL


Purpose 0/Model


The tank overpressunzanon explOSIOn model IS used to evaluate the hazards resultIng
from cases m WhICh a sealed or madequately vented tank or contaIner may be mternally
overpressunzed by a gas or vapor to the pomt of VIolent rupture ThIS type of explOSIOn IS
descnbed and discussed more fully m Chapter 5


Required Input Data


The model reqUIres knowledge of


• The shape of the tank or contaIner
• Pressure at WhICh the tank or contaIner WIll rupture (pSIa)
• Gas or vapor volume m the tank (ft3)


• RatIo of speCIfic heats (C/C) for the gas or vapor
• AmbIent envIronmental temperature eF)
• Temperature of the gas or vapor m the tank (OF)
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TABLE 12.10
EXAMPLE OUTPUT FROM EXPLOSION MODELS


Peak Overpressure EXPECTED DAMAGE
(psia)


0.03 OccaslOnal breakage of large WIndows under stress.


0.30 Some damage to home cel1mgs; 10% wmdow breakage.


1.00 - 0.50 Wmdows usually shattered; some frame damage.


1.00 Partial demohtion of homes, made unmhabltable.


8.00 -1.00 Range senous/shght mjunes from flyIng glass/objects.


2.00 Parttal collapse of home walls/roofs.


3.00 - 2.00 Non-remforced concrete/cmder block walls shattered.


12.2 -2.40 Range 90-1% cardrum rupture among exposed populatlon.


2.50 50% destructton of home brickwork.


4.00 - 3.00 Frameless steel panel bul1dmgs rumed.


5.00 Wooden utlhty poles snapped.


7.00 - 5.00 Nearly complete destructton of houses.


10.0 Probable total buildIng destruction.


29.0 -14.5 Range for 99-1% fatallttes among exposed populations due to direct
blast effects.


Note: Output from the computer program shows Distance from Explosion 1Ill feet 10 place of
Peak Overpressures shown here for reference purposes. See Table 5.1 of guide for
additional information
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The frrst quesnon asked by the program m cases where the answer has not been
prev10usly spec1fied is the shape of the tank or other contamer Vahd ch01ces are rectangular
tank, honzontal cyhndncal tank, vertical cyhndncal tank, and sphencal tank TIns particular
model cannot be used for p1pehnes


Knowledge of the pressure at which the tank will rupture when overpressunzed wdl
requrre some detecnve work smce tank construcnon standards vary Wldely for different types
of hazardous materials. The best bet is to query the owner or operator of the tank, and 1f
necessary, the company that m1ually constructed the vessel for th1S mformanon


Pnor to asking the user to prov1de the volume of the tank or other contamer that
contams compressed gas or vapor, an mput parameter value that would otherw1se requrre
several manual computanons, the program asks 1f the user desrres ass1stance m charactenzmg
the volume of the contamer and the we1ghts, volumes, and phys1cal states of 1tS contents
Further detalls on the Tank and Contamer Contents Characterzzatzon Subprogram and 1tS
general data reqwrements are prov1ded in Secuon 1229 of th1S chapter. Use of the
subprogram may result m requests for a few mformanonal1tems not hsted above


The rano of speclfic heats for the compressed gas or vapor 1S a thermodynamlc
property related to the amount of heat necessary to increase the temperature of a umt we1ght
of gas or vapor by one degree under speclfied condInons Pnor to request of th1S value, the
program will proVlde the user an opportumty to request asslstance m selecnon of an
appropnate specific heat rano usmg several generalized rules-of-thumb (reproduced m Table
127) that reqwre user knowledge of the chemlcal formula of the hazardous matenal bemg
evaluated. Be adVlSed that the results of th1S particular model are sens1uve to the value
proVlded by the user. Accuracy of model results can and w1ll be IDlproved by proVls10n of a
more prec1se value for the substance at or near the temperature m 1tS contamer, but this 1S by
no means mandatory.


As discussed m Chapter 2 of thIs guide, many properties of hazardous matenals are a
funcnon of temperature, with one of the most Important bemg the vapor pressure of the
substance (since thIs property will ultimately have a major effect on the magmtude of toXIC
or flammable vapor dispersion threats). Consequently, for plannmg purposes, 1t 1S desireable
to select both tank and amb1ent envrronmental temperatures among the h1ghest that may be
expenenced dunng a typICal year. In selecnng these temperatures, note that the temperature
of the contents mSlde a metal tank can eastly be 20°F or more higher than the ambIent arr
temperature on a sunny day


Model Results and Usage


12-77







The tank: overpressurizatIon explOSIOn model produces a table WhICh 11sts distances
from the explOSIOn center associated With vanous degrees of mJury and damage to people
and property. Each of the hazard zone distances esttmated by the model IS associated wIth a
specIfic peak overpressure m the shock or blast wave and these m turn are related to specIfic
levels of expected damage usmg the mformatIOn tabulated m Table 5 1 of thIS gUide Table
12.10 illustrates the format of the general results obtamed from ARCHIE, but shows the peak
overpressures associated WIth each level of damage or mJury mstead of a specIfic distance
Note that the model does not fully address the potennal dispersIOn of hIgh velocIty tank or
contamer fragments that may result from the explosIOn and pose a threat to other containers
or stores of hazardous matenals or other vulnerable resources


Results of the model provIde emergency planmng personnel WIth an mdicanon of the
radii of the crrcular zones around the center of the explosIOn that may be subject to
explosion impacts of vanous levels of seventy, thus addinonally provIdmg mdicanons of the
number of people that may be killed or severely mJured, and the number, charactenstIcs, and
level of damage that may be sustained by bUIldmgs, homes, and other resources that may be
exposed to the shock or blast wave.


Major Assumptions ofthe Methodology


Be adVised that model results assume the surroundmg area IS essentIally flat and
WIthOut obstacles In actualIty, potennal reflections of the blast or shock wave from bul1ding
walls or the SIdes of other obstacles and surfaces may cause actual damage patterns to be
somewhat more erranc than those predicted by this generalIzed hazard assessment methodol
ogy.


Smce most tanks or contamers subject to thIS type of Violent explosIOn or rupture are
hkely to be on or near the ground, the model assumes thIS locanon for the explosIOn m all
cases. See Chapter 5 for a discussIOn of the difference between groundlevel and free azr
explosIOns. The latter type of event will typICally produce speCIfied damages over lesser
distances than those predicted for groundlevel explosIons


12.26 HAZARD MODEL MENU OPTION K: CONDENSED-PHASE EXPLOSION
MODEL


Purpose ofModel


This model IS used to evaluate the hazards of so11d or 11qUld explOSIve matenals such as
nitroglycerine, TNT, dynamite, and a Wide vanety of lesser known substances WIth true
explOSIve properties. TIns type of detonation or explOSIOn IS more fully descnbed and
discussed m Chapter 5.
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Substances most hkely capable of detonatIon WIll be claSSIfied as explosives by the
DOT ExplOSIves for winch the model IS apphcable may also be formed at tImes dunng the
reactIon of two or more substances WhICh are not mdIvidually conSIdered to have explOSIve
charactenstIcs (see Chapter 7).


Be adVISed that substances ClasSIfied as blasting agents by the DOT, despIte theIr
name, are conSIdered to have a much lower llkehhood of exploding, even m aCCIdents
mvolvmg fIre or Impact See Chapter 8 for formal DOT defmItIons of blasting agents and
deSIgnated explOSIve matenals


Required Input Data


The model reqUIres only two mput values, these bemg.


• Heat of combustlon of the explOSIve matenal (Btu/lb)
• WeIght of matenal at nsk of exploding (lbs)


The heat of combustlon of a matenal IS the amount of heat generated when a umt
weIght of the substance IS burned under specIfied condInons The lower heat of combustlon
Ideally deSIred for model use IS the amount of heat hberated when the matenalis burned m
oxygen at a temperature of 25°C (77°F) and the products of combustlon, Including any water
that may form, remaIn as gases The mput screen for the parameter prOVIdes gUIdance for
selectmg a value when more preCIse data are unavallable. For mformatIonal purposes, It IS
noted that the CHRIS Hazardous Chemical Data manual avallable at a cost of $41 from
branches of the Government Pnnnng Office contams the deSIred value for over 1200
hazardous matenals. TIns manual IS WIdely used by fIre servIce and other emergency
response personnel across the country and IS very hkely to be locally avallable No
hazardous matenals hbrary would be complete WIthout the document


Model Results and Usage


The model produces a table winch hsts distances from the explOSIOn center aSSOCIated
WIth vanous degrees of mJury and damage to people and property Each of the hazard zone
distances estImated by the program IS aSSOCIated WIth a specIfic peak overpressure m the
shock or blast wave and these In turn are related to speclfic levels of expected damage usmg
the mformatIon tabulated in Table 5 1 of tlus gUIde Table 12 10 illustrates the format of the
general results obtamed from ARCHIE but shows the peak overpressures aSSOCIated WIth
each level of damage or mJury mstead of a speCIfic distance.


Results of the model prOVIde emergency plannmg personnel WIth an mdIcatIon of the
radiI of the CIrcular zones around the potential explOSIOn SIte that may be subject to
explOSIon Impacts ofvanous levels of seventy, thus additIonally prOVIdIng mdIcatlons of the
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number of people that may be 1a11ed or severly mJured, and the numbel, charactenstics, and
level of damage that may be sustamed by buildmgs, homes, and other resources that may be
exposed to the shock wave


Major Assumptions ofthe Methodology


The model is the traditional TNT-equzvalent procedure Widely used for many years for
evaluation of high explosive detonation hazards A pnmary assumpoon, which IS usually
quite vahd for the types of explosives being conSidered, IS that the blast or shock wave
produced by the explosIOn will diSSipate m the same fashton as the explOSIOn that would
occur If a weight of TNT havmg the same total energy of combustion were detonated.


Since the explOSive matenalls most hkely to be on or near the ground surface when the
explosion occurs, the procedure assumes thiS locaoon for the explOSIOn m all cases See
Chapter 5 for a diSCUSSIOn of the difference between groundlevel and free azr explOSIOns
The latter type of event will typically ploduce speCIfied damages over lesser distances than
those predicted for groundlevel explOSIOns


As m the case of the other types of explOSIOns, be adViSed that model results assume
the surrounding area IS essenoally flat and WithOUt obstacles In actuahty, potential
reflections of the blast or shock wave from buildmg walls or the Sides of other obstacles and
surfaces may cause actual damage patterns to be somewhat more erraoc than those predicted
by thIs generahzed hazard assessment methodology.


12.27 REMAINING OPTIONS ON THE HAZARD ASSESSMENT MODEL SELEC
TIONMENU


Option L: Review ofModel Descliptions


Selection of thIs option penmts the user to view several screens of text contammg bnef
descnptions of the models aVaIlable from the Hazard Assessment Model Selection Menu


Option M: Review ofModel Selection Charts


This opoon penmts the user to view the model selection charts that were preVIOusly
presented In Figure 12 2


Option N: Return to Main Menu


As the otIe suggests, selection of thiS opoon returns the user to the Mam Task SelectIOn
Menu Be advised that a return to thiS menu Will "close" the ACCident Scenano File (ASP)
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bemg worked on wlule the Hazard Assessment Model Selecnon Menu IS m use In order to
make thIS ASF rile acnve agam, It will be necessary to select Opnon B from the Mam Task
Selecnon Menu and recall the file mto acnve servIce


1228 USE OF THE VAPOR PRESSURE INPUT ASSISTANCE SUBPROGRAM


Knowledge of the vapor pressure of a hazardous substance as a funcnon of temperature
IS an lffiportant prereqUIsIte to an adequate evaluanon of aCCIdent scenano results m most
cases There are hkely to be many situanons, even when some vapor pressure data pomts are
avallable for speclfic temperatures, however, when these data will be for temperatures other
that those needed by the program. Thus, the vapor pressure mput aSSIstance subprogram IS
deSIgned to facIhtate charactenzanon of the vapor pressure versus temperature reianonship
for a hazardous substance regardless of whether detal1ed data are avallable or whether only
the data on a matenal safety data sheet are at hand Upon a request of aSSIstance from the
user at one of the pomts m the program that vapor pressures are requested for speclfic
temperatures, the program w111 respond WIth a short menu offenng three options, these
bemg


1 The user prOVIdes the vapor pressures at these temperatures


2. The user can prOVIde whatever vapor pressure and other data are avallable
and permlt the program to estlmate the vapor pressures at the desrred
temperatures


3 If avallable, the user can proVIde the coeffiCIents for the Antome equanon
for the substance. Further mfonnanon IS glven when thIS opnon IS selected


The first option IS SImply an escape mechanIsm for the user who arnves at thIS menu
unmtentIOnally, and also, for the user who chooses one of the two followmg opnons, IS not
sansfied WIth the results of the vapor pressure mput aSSIstance procedures, and desrres to eXIt
the aSSIstance subprogram


The second option takes advantage of any and all avmlable vapor pressure data sets
(where a set IS defined to be a speCIfic vapor pressure and related temperature) for the
substance of mterest Selecnon of thIS opnon results m a senes of quesnons to the user
alternated WIth mfonnanon screens The general order of events IS


1. The user IS asked If he or she has the vapor pressure for the matenal at a
temperature of 68°F (20°C), thIS bemg a vapor pressure avmlable on
matenal safety data sheets for most volanle substances If the user answers
yes, he or she IS next asked to choose the umts m WhICh the vapor pressure
w1l1 be proVIded ChOlces mclude pounds per square mch - absolute (psla) ,
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atmospheres (atm) , nulhmeters of mercury (mm Hg), Pascals (Pa),
Newtons per square meter (N/m2), and Bars (Note Dejinztlons of these
unzts appear In Chapter 2 of this gUide) Once the value has been mput m
the specified set of umts, the program hsts the vapor pressure provIded m
all sets of avaJ1able umts and asks the user to confrrm that the value was
entered properly.


2. The vapor pressure of any substance, as noted m Chapter 2, IS always 760
mm Hg or the eqUIvalent at Its normal bollmg point temperature at one
standard atmosphere The program will report thIs fact to the user SImply
for informatIonal purposes.


3. The subprogram WIll now have a least one data set and pOSSIbly two
Although the subprogram can generate a curve of vapor pressure versus
temperature from two pomts, the curve would not be very accurate Thus,
the subprogram contInues WIth a questIon askmg If the user has a vapor
pressure at another temperature A yes answer from the user wlll result m a
choice of umts for the vapor pressure, a request for mput of the vapor
pressure value, a choIce of umts for the related temperature, a request for
mput of thIs temperature, and a screen seeking confrrmatIon that the data
has been entered properly If three data sets are now avallable, the
subprogram will skip to Item 5 below OtherwIse, It w1l1 repeat thIS step
untllit receIves a no answer to ItS ImtIal query.


4 If only one or two data sets are avaJ1able at thIS pomt, the subprogram WIll
ask the user IT the substance IS flammable or combustIble A yes answer
will result m requests for the lower flammable hmlt (LFL) of the substance
m volume percent and ItS flash pomt (closed cup preferred) m degrees
FahrenheIt IT they are avallable. These data WIll be used to generate a data
set based on the assumptIon that the flash pomt of a substance IS
theoreocally eqUIvalent to the temperature at WhIch ItS vapor pressure
prOVIdes a vapor concentratIon eqUIvalent to ItS LFL


5. If only one data set IS aVaIlable after all of the above steps, the subprogram
will Inform the user that aVaIlable data are msufficlent and return hIm or her
to the openmg menu of the subprogram If two data sets are aVaIlable, the
user wlll be warned of the potentIal maccuracy of vapor pressure esttmates
and WIll be shown vapor pressure predIctIons for the normal bollmg pomt
temperature of the hazardous matenal, the temperature of the matenal m ItS
tank or other contaIner, and the ambIent envrronmental temperature A
final questIon WIll ask If the predIctIons appear to be of acceptable


12-82







accuracy. If three data sets are aV3.1lable, the subprogram wl1l drrectly
proceed to a dIsplay of the above predIcnons and ask 1f results are
acceptable If they are, It WIll then dIsplay the Antome equanon coeffi
CIents denved from the mput data and the temperature bounds m WhICh the
equanon should produce farrly accurate results.


Several excellent reference sources of chemlcal property data cont3.1n tables of vapor
pressure versus temperature for lIterally hundreds of substances, as well as a WIde varIety of
other data useful for hazard assessment purposes Among the more readIly aV3.1lable of these
references m lIbranes and often m the posseSSIOn of local chemlcal engmeers and chemlsts
(mcludIng possIbly the local hIgh school chemlstry teacher) are


• Perry's Chemical Engineers' Handbook, McGraw-HIll Book Company,
New York, NY (VarIOUS edInons have dIfferent edItors and publIcatIon
dates).


• Weast, R C, et al, ed's, CRC Handbook o/Chemistry and Physics, CRC
Press, Boca Raton, FL (VarIOUS edItIOns have dIfferent publIcanon dates)


The third option on the openmg menu to the subprogram, as noted above, asks If the
user has access to the Antome equanon coeffiCIents for the hazardous matenal of Interest
For those who may not be famIlIar WIth thIS equanon, be adVIsed that It IS a commonly used
equanon WIth three coeffiCIents When provIded a temperature withm the range of
temperatures for whIch It IS apphcable, It predIcts the vapor pressure aSSOCIated WIth thIS
temperature Each hazardous matenal has ItS own relanvely umque set of coeffiCIents that
can be found m VarIOUS data sources. Two excellent sources of Antome coeffiCIents and
consIderable other data for a large number of chemlcals mclude.


• ReId, R C , et al , The Properties ofGases & Liquids, McGraw-HIll Book
Company, New York, NY


• Dean, J A, 00., Lange's Handbook of Chemistry, McGraw-Ihll Book
Company, New York, NY.


VarIOUS edItIons of both of these books have dIfferents publIcanon dates, but all cont3.1n
valuable data and mfonnanon The first book hsts Antome coeffiCIents for almost 600
matenals m ItS 4th edItIon. The second has coeffiCIents lIsted for over 900 substances m ItS
most recent edItIons


The general fonn of the Antome equatIon IS


log(P) or In(P) =A· (B / (T + C»
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where A, B, and C are the three coefficIents, T IS the temperature at whIch the vapor pressure
is desired, and P IS the vapor pressure (shown on the left sIde of the equal SIgn as the log or
natural log of the pressure).


DIfferent reference sources use dIfferent umts for the vanous coefficIents and other
parameters associated WIth the equanon, so the subprogram begins wIth a senes of questlOn
desIgned to determme the speCIfic umts for wmch the coeffiCIents on hand are valId These
Imnal quesnons request·


• An mdlCanon of whether the left SIde of the equatlOn prOVIdes the log or
natural log of the vapor pressure (P)


• An mmcanon of whether the equanon uses temperatures (T) m umts of
degrees CelslUs or Kelvm


• An mmcanon of whether the vapor pressure premcted IS m umts of
ml1hmeters of mercury (mm Hg), Pascals (Pa), Newtons per square meter
(N!rn?-), or Bars


• An opnonal specrlicanon of the temperature range over whIch the equanon
IS vahd


Once the program has confrrmed that the user has entered thIS mformatlOn as he or she
mtended, it proceeds to request the three equanon coeffiCIents It then predIcts vapor
pressures for the normal bol1mg pomt temperature of the hazardous matenal, the temperature
of the material m ItS tank or other container, and the ambIent envrronmental temperature A
fmal quesnon asks 1f the pred1cnons appear to be of acceptable accuracy.


12.29 USE OF THE TANK AND CONTAINER CONTENTS CHARACTERIZATION
SUBPROGRAM


A user of ARCHIE wl1l very often have knowledge of the mmenslOns of a tank or other
container of the hazardous matenal of concern, the temperature and pressure of ItS contents,
and some Idea of how full It ffilght be on average or when m peak use The tank and
contamer contents charactenzanon subprogram helps the user m translanng thIS mformanon
mto the weIghts, volumes, and other charactensncs of the container and Its contents that are
required by ARCHIE, thus reducmg or ehffilnanng the need for a vanety of manual
calculations. The subprogram IS aVailable from any mput parameter screen m ARCHIE that
requests the weIght of the hazardous matenal m the tank or the volume of the tank that
contains a compressed gas. Be adVIsed that use of the subprogram IS hIghly recommended
smce demal of tills offer of aSSIstance creates a sltuanon m whIch ARCHIE must accept mput
data from the user Wlthout bemg able to ensure that all data are conSIstent
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Use of the subprogram IS very stratghtforward First, it asks for several but not
necessanly all of the followmg mput parameter values If these have not prevIously been
provIded, mcludmg the:


• Shape of the tank or other container
• Length, wIdth, heIght, and/or dIameter of the tank as needed
• Molecular weIght of the contents
• Normal bodmg pomt temperature of the contents (OF)
• Vapor pressure of the material m the contamer (psia)
• Temperature of the matenal m the contatner (OF)
• Ambient envIronmental temperature (OF)
• An mdIcatIon of whether or not the tank contams any hqUId
• SpecIfic graVIty of the hqUId, If apphcable


Once the above hst of mformatIon has been obtatned, the subprogram follows WIth
what mIght be the most Important questIon of all (presUmIng the user has earher indicated
there IS hqUld m the tank), thIS bemg "Whzch of the followmg do you know about the tank
contents ?".


1 Amount of hqUld m the contamer m gallons
2 Amount of hqUld in the contatner m pounds
3 Amount of hqUld m the contamer m CUbIC feet
4. HeIght of hquld m the contamer as measured from ItS bottom
5 Percentage of contatner filled WIth hqUld
6 None of the above


SelectIon of one of these optIons and mput of the appropnate answer leads to a screen
m WhICh the dImensIOns of the tank and the charactenstIcs of ItS contents are hsted A final
questIon asks If the user wIshes to repeat the procedure (in case some Item or another looks
m error). A yes answer leads to a screen summanzmg user mput values and asking which
ones should be changed A no answer takes the user back to where he or she was m
ARCHIE pnor to entenng thIs subprogram


12.30 OTHER COMPUTER PROGRAMS


There are a number of other computer programs that may be of mterest to emergency
planmng and response personnel The EPA document entItled ltkntifying Environmental
Computer Systems for Planning Purposes (Preparedness and PreventIon Techmcal ASSIS
tance BulletIn #5) prOVIdes a checkhst of computer system needs related to hazard analysIs
and mformatIon on other avatlable systems apphcable to local plannmg efforts. The
checkhst addresses a vanety of systems for arr dIspersIOn and other enVIronmental modehng,
for access to chemIcal propertIes data, and for emergency response plannmg. Note that
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different systems, partlcularly those assocIated WIth consequence analysIs, may provIde
differring results due to varying assumptlons made dunng model fonnulatlon by system
developers.
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13.0 FORMULATION OF A PLANNING BASIS


13.1 INTRODUCTION


Chapter 10 of thIs gUIde provides guidance pertalmng to the Identlficanon and
charactenzanon of those activiues or operanons wlthm a specific commumty or Junsdlcnon
that mvolve the use, storage, or transportanon of hazardous matenals and which therefore
pose some degree of hazard or nsk to the pubhc. Chapter 11 of the guide provides the data,
methods, and procedures necessary to estlmate the probablhty of an aCCident associated With
each of these acnVlnes or operanons. In addInon, the chapter proVldes an opportumty In
many cases to assess the probablhnes associated Wlth dIfferent levels of aCCident seventy and
dIscusses how to analyze scenanos With consequence analysIs procedures. Chapter 12
connnues Wlth a dISCUSSIOn of the ARCHIE program and ItS indIVIdual models that may be
used to evaluate many of the specIfic consequences of a splII, dIscharge, fire, or explOSIOn
involVing hazardous matenals


Planmng personnel who apply the procedures presented m the referenced chapters Wlll
obtaIn a great deal of knowledge and inSIght into the specIfic threats faCing therr JunsdIcnon
from hazardous matenals. Some may Wish to use thIs knowledge drreedy m an attempt to
plan for all possIble scenanos, and are not dIscouraged from _dOing so 1f the nme and
resources avalIable are suffiCIent for thIS endeavor. For all Intents and purposes, the entrre
set of aCCIdent scenarios identified and conSIdered dunng the hazard analySIS WIll In


aggregate become the baSIS for therr planmng effort and they may proceed to Chapter 14


Those who do not have the resources aVaIlable to plan for every pOSSIble connngency,
or who have other threats compenng for attennon, may WIsh to hmlt therr planmng efforts for
hazardous matenals by focusmg on the most Important sltuanons ThIS can be accomplished
by screenmg aCCIdent scenanos to Identlfy those that have a reasonable ltkehhood of
occurrence In the foreseeable future and/or WhICh may have slgmficant consequences In the
absence of an organized, rapid, and effecnve response effort It IS the purpose of Chapter 13
to assist these latter personnel m such a screenmg effort Via a slmphfied nsk analysIs process.
The set of scenanos that remain after thiS process wlIl then prOVide a planmng baSIS for therr
JunsdIcnon


13.2 DEFINITION OF ANNUAL ACCIDENT PROBABILITY CATEGORIES


Each of the aCCident scenanos Idennfied dunng pnor efforts should frrst be claSSified
Into five categones based on the annual probablhty determIned for the scenano usmg the
methods descnbed In Chapter 11 of thiS gUlde The categones of mterest mclude·







• Common accidents,
• LIkely accidents,
• Reasonably likely accidents,
• Unltkely accidents, and
• Very unlikely accidents


Common accidents are defined he1em as events expected to occur one or more ttmes
each year on average. Such mcidents have occurred in the locahty of concern m the past and
are likely to reoccur Wlth some regulmty.


Ltke1y accidents are defmed herem as events expected to occur at least once every 10
years on average accordmg to available statistics. G1ven the rapid increase m production and
usage of hazardous materials in the last 10 to 20 years, this type of acc1dent is not one that
has necessarily occurred m the past in any given community, yet there is a 10% or greater
chance that 1t can occur in any given future year based on current levels of aCtiv1ty.


Reasonably hkely acc1dents are events predicted to occur between once every 10 years
and once every 100 years on average. There 1S somewhere between a 1% and 10% chance of
such an event occurring m the locality of concern m any given year for the identified
scenario. In that similar scenmos mvolving different materials may also occur, the overall
likelihood of an event requmng a certam type of emergency response could be much h1gher.
(Note: This is equally true for the other categones.)


Unlikely accidents are events prechcted to occur between once every 100 years and
once every 1000 years on average m a specific locale. They are unltkely to occur w1thm the
foreseeable future or during the hfettme of current mhabltants. Chances of therr occurnng m
any given future year are less than 1% and poss1bly as low as 0.1% for each speclfic
scenario.


Very unlIkely accidents are events prechcted to occur less than once m 1000 years The
odds are at least 100 to 1 agaInst such an event occurnng m the next 10 years m a spec1fic
locale. The chances of one occurnng in any parttcular future year are less than one m a
thousand.


If one is only evaluating releases qual1tatively, common and lIkely acc1dents may be
equated to "high", reasonably lIkely and unlIkely acc1dents to "mechum", and~ unlIkely
accidents to "low" probability categones.
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13.3 DEFINITION OF ACCIDENT SEVERITY CATEGORIES


It 1S also necessary to class1fy acc1dent scenanos accordmg to therr seventy as defined
Vla apphcatton of consequence analys1s procedures. To assist m this effort, acc1dent
consequences are class1fied mto the four categones defined below, these bemg'


• Minor acc1dents,
• Acc1dents of moderate seventy,
• Major acc1dents, and
• Catastroph1C acc1dents


Minor acc1dents are speclfied herem as those w1th the potenttal to have one or more of
the followmg features.


• Low potenttal for senous human mJunes.


• No potenttal for human fatal1ttes.


• No need for a fonnal evacuatton, although the pubhc may be cleared from
the lmmedIate area of the sp1ll or discharge.


• Locahzed, non-severe contammatton of the envrronment wh1ch does not
require costly cleanup and recovery efforts


• No need for resources beyond those nonnally and currently aVailable to
local response forces


ACC1dents are speclfied herem as of moderate seventy when they have the potenttal to
have one or more of the followmg features:


• Up to 10 potenttal human fatahttes.


• Up to 100 potenttal human mJunes requmng medical treatment or observa
tton.


• Evacuatton of up to 2000 people


• Local1Zed contammatton of the envrronment requmng a fonnal but qU1ckly
accomphshed cleanup effort.


• Poss1ble ass1stance needed from county and state authonttes.
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• Only lnmted need for specialIzed eqUIpment, servIces, or matenals for a
rapid and effective response.


Major accIdents are specJ.fied herem as those Wlth the potential to have one or more the
followmg features:


• Up to 100 potential human fatahttes


• Up to several hundred potenttal human mJunes requmng med1cal treatment
or observation.


• Evacuation of up to 20,000 people


• SIgnJ.ficant contammatIon of the enVIronment requmng a formal and
somewhat prolonged cleanup effort.


• ASSIstance needed from county, state, and pOSSIbly federal authonttes


• SIgnificant need for specIahzed eqUIpment, servIces, or matenals for a
rapId and effective response.


CatastrOphIC aCCIdents are defmed as those havmg the potenttal to have one or more of
the followmg features:


• More than 100 potenttal human fatahtIes


• More than 300 potential human mJunes requmng formal med1cal treatment


• Evacuation of more than 20,000 people.


• SignJ.ficant contammatIon of the enVIronment requrrmg a formal, pro
longed, and expenSIve cleanup effort to protect human health and the
envrronment.


• ASSIstance needed from county, state, and federal authontIes


• SignJ.ficant need for speCIalIzed eqUIpment, servIces, or matenals for a
rapId and effective response.


Whtch category a given scenano falls mto can be determtned by considenng
consequence analysis results along Wlth local maps and population data
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There are two pomts to be made about the accIdent seventy categones defined above.
The frrst IS that they do not represent hard and fast rules What some people may perceIve as
a romor or routme mCldent may seem to be a major event to others Do not hesItate,
therefore, to make any changes to the procedure If some pomt or another makes you
uncomfortable After all, the authonnes m a major CIty are hkely to deal With loss of hfe and
senous mJunes due to vanous "non-natural" causes on almost a dally baSIS. It IS understand
able that they may have a dIfferent perspecnve on such events than the authonnes of a small
and qUlet town m a rural part of the country.


The second pomt to be made is that the aCCIdent seventy categones above are partIally
defmed m terms of potentlal deaths and mJunes. It must be realIzed that consequence
analySIS procedures essennally prOVIde estlmates of the area or zone that may be subjected to
harmful levels of arrborne contamInants, thermal radIanon, and/or explOSIOn overpressure
Although people wlthm such an area wul have a defmlte potennal to be lolled or mJured, a
large fracnon may actually escape unharmed Reasons for thIS are vaned and complex, but
thmk. about how many nmes the evemng news has shown a commumty devastated by a
tornado, WIth dozens of bwldIngs and homes knocked flat, and only reported a death or two
(If any) and a handful of mJunes


13.4 APPLICATION OF SCREENING GUIDELINES


FIgure 13.1 presents a matnx of aCCIdent probabulty categones versus aCCIdent seventy
classes Each block of the matnx suggests a planmng approach to be taken for aCCIdent
groups that meet cntena asSOCIated With the block. These approaches are only suggestlOn8
and should be treated as such. SpecIal crrcumstances may requIre SpeCIal consideranon on a
case by case baSIS. SpecIfic gwdehnes should be worked out by each locale to best represent
the resources and relanonships between orgamzanons apphcable to that commumty.


The matnx should be apphed only at the level of government or mdustry that Idennfied
and analyzed the plannmg baSIS scenanos for a partIcular locale or Junsdlctton The reason
for thIs stems from the fact that levels of authonty above the local level typIcally have
responSIbility for several mdivldual Junsmcnons Smce there is a hIgher probabilIty that a
partIcular type of aCCIdent WIll take place WIthIn a large Junsmcnon than m a specIfic smaller
one WithIn ItS borders (e g, a county vs. a town), a hIgher level of authonty may find It
necessary to plan for aCCIdents that are too rare to worry about at a lower level ThIs does not
mean, however, that all Junsmcnons should not work together in coordInanng therr response
to rare events Rather, It means that the hIgher level authority should probably take a
leadershIp role m such mstances
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FIGURE 131
ACCIDENT FREQUENCY/SEVERITY SCREENING MATRIX
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~ Comprehensive planmng and preparedness are essentIally
~ mandatory at the appropnate levels of government or mdustry


D
Comprehensive planmng IS optIonal and does not necessarily
warrant any major efforts or costs Give consideratIon to
shanng any necessary special response resources on a regIOnal
basIs


~ Comprehensive plannmg may be unwarranted and unnecessary
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The frequency (annual probability) has been reduced to three categories to reflect the
fact that the treatment of m<hvtdual scenarios may produce low annual probabilitIes, yet the
chance of a sinnlar accident mvolving one of a number of <hfferent hazardous matenals may
be much higher. The ongmal five categones may be used to pnontIze aCCident scenanos
more precisely within the broader categones.


13.5 MOTIVATION FOR CONTINUED PLANNING


The EPA recently sponsored an intenSive effort to determme the number and severity
of aCCidents involvmg hazardous matenal releases m the six-year penod of 1980-1985. The
total number of deaths recorded was 138, for an average of 23.0 per year, for the enttre
United States. The annual average expected for any juns<hction of 100,000 people can
therefore be computed as bemg on the order of 0.01 per year. GIven that the identIfication of
deaths due to all epISodic hazardous matenal aCCIdents is dtfficult due to current reporting
requrrements, it is hkely that the EPA underestimated the true extent of the problem.
Nevertheless, the fatalIty rate would stIll be relatIvely minor even If multiphed by 10 or even
100.


These figures can be compared to annual mortahty statiStICS m the Umted States to put
the overall problem of hazardous matenals mto the proper perspective. To help do this,
Table 13.1 presents annual mortahty rates for a vanety of natural and aCCIdental causes of
death usmg statiStICS for recent years. The actual number of deaths that may be expected
each year on average due to any specmc cause in any particular Juns<hctIon can be obtamed
by multlplymg the annual mortalIty rate for that cause by the population of concern.


GiVen the above findings one mlght wonder why there IS such WIdespread concern
about the dangers of hazardous matenals. The answer to this questIon IS actually qUIte
complex. Part of It mvolves the fact that recent major aCCIdents m other countrIes have
demonstrated the potentlal for a smgle aCCIdent to cause hundreds If not thousands of deaths
and mJunes. Although the safety record of the U S. chemlcal mdustry has generally been
excellent, m terms of loss of hfe, people here (mcluding government agenCIes) have naturally
felt a need to reassess safety standards and ensure our country IS prepared to deal WIth future
emergencIes. Yet another part of the answer mvolves the realIzatIOn that hazardous matenal
aCCIdents <hffer greatly from more typICal aCCIdents and reqUIre speCIal preparatIons for an
effectIve response Indeed, It IS precIsely a lack of knowledge about chemlcal threats facmg
a commumty, and a lack of speCIfic preparatIons to counter these threats, that can lead to a
dIsaster that may otherwIse have been prevented


Fmally, It must be appreciated that the general pubhc has a greater fear of threats that
can cause multIple fatalItIes, threats they may not fully understand or have any control over,
and threats due to actIVItIes that do not prOVIde a dtrect benefit on an m<hvidual baSIS. The
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TABLE 13.1


ANNUAL INDIVIDUAL MORTALITY RATES FOR
NATURAL AND ACCIDENTAL CAUSES OF DEATH


Rislc: of Fatality
Cause of Fatality (per 100,000 people)


All Diseases 830
I


, Heart Disease 320
i Cancer 190
,


Cerebrovascular Disease 64


, Pneumonia 28.3
I DIabetes 15.5i


,All Accidents 39


Motor Velucles 19


Falls 5.0


I Drowning 2.2I


FlIes, Bums 2.1


Natural Hazards and EnVIronmental Factors 0.8


, Cataclysm (tornado, flood, emthquake, etc.) 0.09


Excessive Heat 0.09


ExceSSive Cold 0.40


LIghtmng 0.04


Source: AccidentEiJJ;JI., 1988 EdItIon, NatIonal Safety Councd
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reasons why tens of thousands of highway deaths are tolerated each year partially stem from
the facts that they usually occur one or two at time, mdiViduals have control over whether
they dnve or nde m automobiles, and because automobiles are perceived to provide a
substantial benefit to each individual.
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14.0 USE OF HAZARD ANALYSIS RESULTS
IN EMERGENCY PLANNING


14.1 INTRODUCTION


Planmng personnel who have followed the precedmg guIdance of thIS document should
have gamed consIderable mSIght mto the true problems and nsks associated With hazardous
matenals m therr respectIve JunsmctIons Admtionally, they should have an understanmng
of the probabIhty, nature, and likely consequences of potential aCCIdents. It remaIns to
mscuss how thIS knowledge can be best utIhzed dunng plan preparation to ensure prompt,
effiCIent, and effective response to actual emergencIes


The mscussIOns that follow are mtended to supplement guIdance prOVIded by the
NatIonal Response Team m the Hazardous Materials Emergency Planning Guide (NRT-l)
That parucular pubhcatIon discusses how to organIze the overall emergency planmng process
and prOVIdes a suggested outlme for the resultIng plan, an outlzne that contazns numerous
important topzcs not dzrectly assoczated wzth hazard analyszs results but vztal to the
completion ofa comprehenszve emergency plan In contrast, thIS chapter mostly hmIts Itself
to planmng Issues dIrectly related to fmdmgs of a hazard analySIS and has the objectIves of 1)
provIdmg more detailed gUIdance in this topical area than found m NRT-1; and 2) bndgmg
the gap between thIS guIde to hazard analySIS and other more comprehensIve pubhcanons
devoted to emergency plannmg and/or emergency response to emergencIes.


Readers are adVISed that thIS chapter focuses on plannmg for szgnificant mCIdents
mvolvmg spl1lage or discharge of a hazardous matenal and not the mmor types of spills or
leaks that are relanvely common and of a rounne nature. In addlnon, It should be noted that
chapter contents are only mtended to give readers a strong push m the nght dtrectIon.
DecISIons w111 be necessary on a case by case baSIS as to whether any parucular planmng
acnvity IS deSIred or conSIdered warranted by local conmnons SpecIal or umque cIrcum
stances may requIre plannmg efforts and actIVItIes not addressed by thIS chapter.


Fmally, be adVIsed that the chapter IS dIrected to plannmg personnel m state and local
governmental agenCIes. Although much of the gUIdance and diSCUSSIOn presented m the
chapter IS also apphcable to emergency planmng for speclfic mdustnal SItes, such sites are
llkely to have admnonal plannmg needs not addressed herem For the benefit of mdustnal
plannmg personnel, a later sectIon of the chapter references speCIfic pubhcatIons better SUlted
to the needs of mdustry for development of m-plant emergency response plans.







14.2 ORGANIZATION OF THE CHAPTER


Chapter 14 addresses 43 separate tOpICS assocIated With emergency response planmng
in 12 subject areas, Wlth Table 14.1 selVlng as an overall mdex. These tOpICS are aSSigned
unique "Item" numbers for reference and organizatlon purposes


Each tOpIC IS presented and dIscussed m an mdIvldual sectlon of the chapter usmg a
standardIzed format Each of these sectlons denotes the crrcumstances under which the
planning Item IS apphcable, states the planmng goal to be achieved, suggests one or more
action Items for accomphshment of thIs goal, and ends With a bnef dISCUSSIOn of the overall
topic. Planning personnel should refer to the Hawrdous Material Emergency Planning
Guide for adVlce on how to orgamze results of therr plannmg actlvltles mto therr final wntten
plan.


14.3 ADDITIONAL SOURCES OF PlANNING GUIDANCE AND INFORMATION


Additlonal detalls on what to plan for, how to plan, and how to manage response to an
overall mcident mvolvmg spillage or dIscharge of a hazardous matenal can be found m
numerous other pubhcatlons.


Publications ofthe Federal Emergency Management Agency


Given that FEMA IS the pnmary agency of the federal government havmg responslblh
ty for plannmg for all types of emergencies With the potentlal to threaten pubhc health and
safety in the Umted States, and that the agency employs numerous personnel who are experts
m this field, it IS not surpnsmg to fmd that FEMA has pubhshed several documents that can
be extremely useful to state and local planmng agencies as well as mdustnal faClhtles.
Indeed, It IS strongly recommended that planmng personnel obtain, reVlew, and make use of
at least the followmg three documents while planmng for emergencies related to non-ra
dioactive hazardous matenals. Chapter 1 proVldes mformatlon on how these documents may
be obtained, though It IS hlghly hkely that most governmental emergency preparedness
orgamzations (parncularly CIW defense agencIes) W1ll already have copIes of the frrst two
pubhcations on hand.


• Guide for Development ofState and Local Emergency Operations Plans


• Guide for the Review ofState and Local Emergency Operations Plans


• Hawrdous Materials Contingency Planning Course (student manuals)
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The plannmg course IS designed to be presented by a trained mstructor and mvolves the
Vlewmg of several vIdeo tapes m the classroom. Nevertheless, several of the nme separate
student reference manuals contam truly excellent and highly detailed mformanon and
guidance on tmportant tOpICS that could only be allocated a few paragraphs of general
discussion m this chapter.


Publications ofthe Disaster Research Center


Individuals Wlshmg to obtam a more formal and mdepth "educanon" WIth respect to
problems and Issues associated With emergency planning and response are adVISed to request
a pubhcation hst from the DIsaster Research Center, Umverslty of Delaware, Newark,
Delaware, 19716 (telephone 302-451-6618). A representanve sample of some excellent
books, reports, and articles of potennal value to both pubhc and mdustnal plannmg personnel
mcludes.


• Tierney, K.J., A Primer for Preparedness for Acute Chemical Emergen
cies, Book and Monograph #14, 1980.


• Quarantelh, E L , Organizational Behavior in Disasters and Implications
for Disaster Planning, Report Senes #18, 1985.


• Quarantelh, E.L, and Gray, J., First Responders and Their Initial
Behavior in Hazardous Chemical Transportation Accidents, Prehmmary
Paper #96, 1985


• Gray, J, Three Case Studies of Organized Responses to Chemical
Disasters, MIsc Report #29, 1981.


• Quarantelh, E L, People's Reactions to Emergency Warnings, Artlc1e
#170, 1983.


• Quarantelll, E.L., et al, Evacuation Behavior and Problems: Findings
and Implications from the Research Literature, Book and Monograph
Senes #18, 1984


• Quarantelh, E.L, et al, Evacuation Behavior: Case Study of the Taft,
Louisiana Chemical Tank Explosion Incident, MIsc Report #34, 1983


Publications Oriented Towards Industrial Emergency Planning


GUldance documents pamcularly SUlted to the task of emergency planmng for the
protecnon of employees and property withm the boundanes of mdIvldual mdustnal faclhnes
mclude:
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• Site Emergency Response Planning, Chetnlcal Manufacturers AssociatIon,
1986. See Chapter 1 for informatIon on obtalmng pubhcatIons of thiS
orgamzatIon.


• Newton, J E., A Practical Guide to Emergency Response Planning,
Pudvan Pubhshmg Co, 1935 Shermer Road, Northbrook, TIhnOls, 60062,
1987 (telephone 312-498-9840)


Other Books and Reports


Dozens of books and manuals pertalmng to planmng or management of hazardous
matenal emergencies have been wntten over the years, With hterally a flood of such
publicatIons (some good, some not so good) appearmg In the aftermath of the Bhopal
tragedy. A sample of pubhcatIons worthy of special mentIon (who due apologies to authors
whose works were not IdentIfied or reVIewed) Includes


• American Petroleum InstItute, Developing a Highway Emergency Re
sponse Plan for Incidents Involving Hazardous Materials, API Recom
mended PractIce 1112, available from the API, 1220 L Street Northwest,
Washmgton, D.C., 20005, November 1984


• Bennett, G F., et al , Hazardous Materials Spills Handbook, McGraw-H1ll
Book Company, New York, 1982.


• Cashman, J.R , Hazardous Materials Emergencies Response and Control,
TECHNOMIC Pubhshmg Company, 851 New Holland Avenue, Box 3535,
Lancaster, Pennsylvama 17604, 1983


• International Association of Frre Chiefs, Fire Service Emergency Manage
ment Handbook, available from IAFC Foundation, 101 E Holly Ave 
Umt lOB, Sterhng, VA 22170, January 1985


• Omohundro, J.T, Oil Spills: A Public Official's Handbook, Report No
PB80-184351, prepared for the NatIonal Oceamc and Atmosphenc Adtmn
Istratlon, aVailable from the National Techmcal Information Service,
Spnngfield, VA 22151, March 1980.


• Shaver, D K., and BerkOWitz, R L, Guidelines Manual: Post Accident
Procedures for Chemicals and Propellants, Report No AFRPL
TR-82-077, prepared for the Arr Force Rocket PropulSion Laboratory and
the U.S. Department of Transportation, aVailable from the National
Techmcal Information ServIce, Spnngfield, VA 22151, January 1983
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• Shaver, D K., Berkowitz, R.L., and Washburne, P.V., Accident Manage
ment Orientation Guide, Report No. AFRPL TR-82-075, prepared for the
AIr Force Rocket Propulsion Laboratory and the U.S. Department of
Transportatton, aV3.1lable from the Nattonal Techmcal Informatton Service,
Spnngfield, VA 22151, October 1983. '


• SIDlth, A I., Ir, Managing HaZllrdous Substance Accidents, McGraw-Hill
Book Company, New York, 1981.
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ITEM#Nl


Topic: Initial Notification ofSpills


When/Where Apphcable.


Planmng Goal:


Action Items:


Any locale WIth hazardous matenal splIl or discharge poten
tial


Estabhshment of central contact pomt(s) for Imtial notificatton
of spills to facilitate response plan activation


• Identlfy the 24-hour telephone number(s) that IS (are) to be called by
members of the pubhc, mdustry personnel, and government employees to
report a spill or discharge or any SItuation that could result m such an event
m the near future.


• Identify and hst the mformatton that should be requested from the caller to
facilitate imtial assessment of the graVlty of the situatlon


• Ensure that all parnes have been adVlsed of repomng procedures


Discussion:


Ordinary CItizens are hkely to call local pohce or fire departments If they observe an
accident, and It IS reasonable to assume that most Junsdicttons wlIl not discourage the
practice. TIns does not mean, however, that one of these organizattons must always serve as
the central pomt of contact for coordinattng commumcattons dunng hazardous matenal
emergencies. A better chOIce m some Junsdicttons may be a predesIgnated emergency
command post or emergency operattons center at eIther the local or county level that has
regular telephone, "hot" hne, and/or radio commumcatlons hnks WIth response forces, pubhc
authorities, and major mdustnal complexes


In locahties with major fIXed-site potential spill sources, It IS Vltal that all facIhty
operators know exactly when and where to call to report an mCIdent to local government
authorities, and that all pubhc offiCIalS in the area are m agreement as to requrred nottfication
procedures. Bluntly stated, the plannmg group should make every effort to resolve "turf
battles" and mteragency squabbles as well as the real (yet sometimes pOlItICal) needs of
elected OffiCIalS.
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ITEM#N2


Topic. Notification ofResponse Organizations andPublic Authorities


When/Where Apphcable


Plannmg Goal.


Acnon Items


Any locale With hazardous matenal spill or dIscharge poten
nal


Rapid acnvatlon of emergency response forces at a level
consistent with the known gravity of the sltuanon


• Provide the central contact pomt(s) with mstrllcnons and procedures
relanng to alert or call-out of response forces, mcludIng the mdIVldual or
hls!her alternates With command responslblhty for spill response m the
junsdIcnon of concern


DIscussIOn:


The watch-stander or dIspatcher who ftrst receives nonftcanon of an aCCident mvolVlng
hazardous matenals should have farrly detailed mstrllcnons With respect to who should be
nonfted of the event and/or who should be asked to respond Mmor mCldents may Simply
requIre dIspatch of a fIre department to the scene. More slgmftcant events may necessitate
call-out of addInonal forces and notiftcanon of county, state, and federal authontles In any
case, It should be clear to all as to who w111 be alerted under varymg Circumstances and who
will be m charge of response actions dunng vanous phases of an emergency situation.


Commumnes that frequently expenence hazardous matenal emergencies of a mmor
nature but are only rarely faced With more slgmftcant events may Wish to consider a staged
response For example, dependIng on the seventy of the sltuanon as descnbed by the Imnal
caller, various levels of response mIght be estabhshed, thus aVOIdIng the ImmedIate need to
call out forces m strength for all mCldents Personnel amvmg at the scene could, of course,
request addInonal assistance and thereby raise the level or stage of response, much as
addInonal alarms mIght be sounded dunng major fIres or the threat thereof


One strategy to be consIdered for estabhshmg levels of response classiftes responses
mto three levels as follows'


Level 1 An mCIdent WhICh can be controlled by the fIrst response agencIes and
does not requIre evacuanon of other than the mvolved structure or the ImmedIate
outdoor area The mCIdent IS conftned to a small area and does not pose an
ImmedIate threat to hfe or property


Level 2 An mCIdent mvolvmg a greater hazard or larger area which poses a
potential threat to hfe or property and which may requIre a hmIted evacuation of
the surroundmg area
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Level 3: An mCldent mvolvmg a severe hazard or a large area WhICh poses an
extreme threat to hfe and property and Wlll probably reqUITe a large scale
evacuatIon; or an mCldent requmng the experttse or resources of county, state,
federal, or pnvate agencles/orgamzatIons


If military explosIves can be found m the region of concern at tunes, the plan should
identIfy the nearest military base that can proVlde aSSIstance WIth these matenals Slmllarly,
where radIOactIve materials may pose a threat, It should IdentIfy the nearest radIOlOgical
emergency assistance team estabhshed by the Department of Energy or the state (see NRT-l
for DOE regional contacts). Where etIolOgiC matenals (those posmg bIOlogical or bIOmed1
cal hazards) may be encountered, It IS well to hst the emergency mformatIon telephone
number for the Drrector of the Center of DIsease Control m Atlanta, GeorgIa, thIS beIng
404-633-5313. OtherlI11portant telephone numbers at the natIonal level Include·


• NatIonal Response Center 800-424-8802 (202-426-2675 or 202-267-2675
m Washmgton, DC area), for notIficatIon, InformatIon, and aSSIstance
involvmg agenCIes of the federal government


• Chemical TransportatIon Emergency Center (CHEMTREC):
800-424-9300, for mformatIon and aSSIstance from mdustry as coord1nated
by the Chemlcal Manufacturers ASSOCIatIon
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ITEM#N3


Topic' Facilities Requiring Special Notification


When/Where Apphcable:


Planmng Goal:


Acnon Items:


Where a major mCldent may occur m a locanon that threatens
schools, day care centers, hOSpItalS, nursmg homes, umverSI
nes, pnsons, and SImIlar facIhnes servIng large groups of
people WIth needs for specIal transportanon, protecnon, or
handhng.


To ensure that the above facIhttes receIve the earhest pOSSIble
notIficatton of the need to shelter-m-place or evacuate therr
mhabitants


• IdentIfy and obtaIn the telephone numbers and names of key supervISOry
personnel m facilittes that meet the above critena.


• Ensure that the emergency response plan prOVIdes for drrect notIficanon of
these facilines on a prompt baSIS


• Ensure that the emergency response plan contaIns a procedure for nottfica
non of these facilities dunng penods of mterrupted telephone servIce


• Encourage facIhty operators to estabhsh emergency evacuanon plans
coordInated With those of the commumty.


• Ensure that the person(s) responsIble for notIficanon of these facIhnes
document therr acnons dunng an emergency.


DISCUSSIon:


TIme can be cnttcal dunng some hazardous matenal emergencIes The above actton
Items ensure that facilines requmng SpeCIal attennon are notIfied at the earhest poSSIble
mdIcatton of a threat, thus permittIng them an early start to evacuanng or otherwise
protecttng therr inhabItants.
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ITEM#N4


Topic: Notification ofWater Users


When/Where Apphcable:


Plannmg Goal:


Action Items'


Any locale that may expenence a sp111 of a hazardous matenal
mto a body of water.


To ensure that mdustnal. agncultural. pubhc water supply. and
other users of water resources are qUickly notIfied of potentIal
water contammatIon m the aftermath of a spill


• Compl1e a hst of those companies or facl1lt1es that extract water from water
bodIes m the area of concem. together Wlth a 11st of appropnate contacts
and telephone numbers at these fac111tIes


• Estabhsh a mechamsm by which these fac111tIes may be qUickly mformed
of potentIal water contammatIon m the event of an upstream hazardous
matenal spill.


DIScuSSIon·


Numerous facilitIes mtake water from nearby water bodIes for mdustnal or food
processmg purposes. farm rrngatIon. dnnkmg supp11es. and so forth Entry of a tOXIC.
flammable, or corrosive matenal mto therr water mtakes can contammate food or dnnkmg
water, damage equipment, rum products, and pOSSIbly even cause a frre or explOSIOn


These facilitIes may be Identlfied durmg the survey process discussed m Chapter 10, by
a special survey of fac111tIes along the "waterfront", or possIbly, by a search of local, state, or
federal permlt records (presummg some sort of permlt was requrred for them to mtake water
from the water bodIes m questIon)


Note that It may not be necessary for pub11c authontIes to call a long 11st of faCl11tIes
themselves It is entrrely feaSible to estab11sh a "waterway warnmg network" m which each
person recelvmg a call on behalf of a facility IS given responslblhty to call two or more other
facilities in the downstream drrectIon ThIs would mean that pubhc offiCials would only
have to make one or two telephone calls to start the process


In undertakmg thIs plannmg task. realize that spl1ls Wlth the potentIal to adversely
impact water quahty, partIcularly spills mto nvers. need not actually occur m the JunsdlCtIOn
of concern Indeed, they could occur at locatIons many ml1es upstream from JunsdlctIonal
boundanes.
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ITEM#N5


Topic. Notifzcation ofWater Treatment Plants


When/Where Apphcable:


Planmng Goal.


Acnon Items


Where spillage of a hazardous matenal may enter a sewage or
drainage system leading to a mumclpal treatment plant


To ensure that the treatment plant IS warned as soon as
possible of the event


• Idennfy the 24-hour telephone numbers and names of key supervIsory
personnel m the subject faClhnes.


• Plan to have these personnel notlfied Immediately 1f hazardous matenals
enter the waste streams to therr plant


• Identlfy sewer shut-off pomts for the containment of hazardous matenals
that may leak or flow mto sanitary and storm sewers


DiscusslOn:


The sudden appearance of a tOXlC or flammable substance can cause many problems
and senous hazards at a treatment plant Early notlfication may help prevent or nntlgate
adverse lmpacts.


A study sponsored by the EPA may be of use to blOlogIcal wastewater treatment plants
m assessmg the effects of potennal hazardous matenals spills and developing emergency
plans. The reference IS:


Bnnsko, G.A., et al , Hazardous Materilll Spills and Responses for Municipali
ties, Report No PB 80214141, avaliable from the Nanonal Techmcal Information
Service, Spnngfield, VA 22161, July 1980.


Note that this report IS solely devoted to wastewater treatment plant problems. Its ntle is
somewhat misleadmg m that It suggests broader coverage of spills and related response
acnons.


See Item #SC3 for adwnonal mformanon and WscusslOn of problems associated With entry
of flammable hqUlds mto storm drains
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lTEM#N6


Topic: Notijication and Shutdown ofElectric and Gas Utilities


When/Where Applicable: Wherever a large explosIon or potentIal explosion may
necessItate shutdown of electrIc power or natural gas d1strIbu
tIon systems m an area.


Planning Goal: To IdentIfy who and where to call to have the above utIlItIes
shutdown on a rapId basIs.


Action Items:


• Contact local utIhty compames and establIsh a mechanIsm to accomplIsh
the plannmg goal.


DiscuSSIon:


Major explosIons may be caused by or may themselves cause leaks or ruptures of
natural gas d1strIbution systems. Add1tIonally, they can cause breakIng of power lmes and an
electrocution hazard to those who mIght make contact WIth any "downed" lInes. In either
case, there may be CIrcumstances m whIch It IS desIred to shutdown natural gas or electrIc
power systems rapIdly m an area.
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ITEM#N7


Topic: Notifreation and Control ofAir, Rail and Waterborne Traffic


When/Where Apphcable: Any locale in which a hazardous matenal accIdent may
threaten arrplanes, hehcopters, trams, barges, ships, recreatIon
al boaters, and other non-hIghway traffic not normally aware
of local condltlons.


Plannmg Goal: To identify the means to warn aircraft, trams, and waterborne
traffic of a hazard and to keep them away from the hazard
zone.


Action Items'


• Identify air traffic control facilitIes, railroad dIspatchers, and Coast Guard
or harbor master faCIlIties that have the abIlity to warn and control the
movement of the subject traffic in the area or junsdIctIon of concern


DiSCUSSIon:


The plannmg goal and actIon Items are mostly self-explanatory. It IS only necessary to
add that a train accident on a heaVIly travelled segment of track may requIre Immediate
dIspatch of personnel to locatIons where they can attempt to flag down and stop other trains
approachmg the accIdent site. Overfhght of any mCldent site should be prohibited except
With penmsslOn from the Federal AVIatIOn AdmImstratIon (FAA) and on-scene authontIes.
Where aVailable, helicopters havmg pubhc address systems can facIhtate warnmg of traffic
and even the general publIc.
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lTEM#CCl


Topic: Establishment and Staffing ofCommand Posts


When/Where Apphcable:


Planmng Goal:


Action Items:


Wherever a coordmated, large-scale response may become
necessary due to a major splIl or dlscharge of hazardous
matenals.


To quickly estabhsh one or more command posts from which
the emergency response may be dlrected and coordlnated.


• Select an appropriate location (and possible alternate) for rapId estabhsh
ment of a pnmary command post or emergency operations center.


• Plan for a field command post near the site of the emergency from WhICh
spill containment and countermeasure operatIons may be conducted when
necessary.


• DeSIgnate the mdlvlduals who should lmmedIately report to each site m the
event of a major emergency.


• Estabhsh a "check-m" location where key offiCIals can be "logged m" and
thelI movements tracked once they appear on the scene


• Estabhsh an ID system to control and track entry and movement of public
authonnes and emergency crews.


• Equip SItes WIth the office eqUlpment, maps, data sources, commUnication
systems, and other supphes and resources necessary for command and
control of response activities.


• ProVlde secunty and access control at Vltal SItes such as the emergency
operations center, commUnications center, medIa center, emergency supply
center or depot, and the mCldent SIte Itself.


DlscusSlOn:


A complex emergency requlIes coordmatlon of numerous actiVIties beyond splIl
contamment and countermeasure efforts There can therefore be benefits to estabhshment of
both central and field command posts. The former, whlIe m close commumcatlon WIth the
field site, can handle relations Wlth the press, evacuation operations, contacts WIth the pubhc
and outsIde government agencl~s, procurement of necessary supphes and resources, and a
vanety of other details The field SIte can then concentrate on ItS own key mISSIon of
dlrectmg hazard containment and control operations.
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The central command post should Ideally be assIgned representatIves of all agencIes
and organIzatIons WIth a role In emergency response, as well as support personnel includIng
secretanes, clerks, radIo operators, messengers, and so forth. ThIS WIll faCIlItate commUnIca
tIons, deCISIOn-making, and conduct of necessary efforts.


Senous conSIderatIon should be given to establIshing a "check-In" locatIon at each
command post, for requmng all indIVIduals to "SIgn In" and "SIgn out" (partIcularly at the
inCIdent SIte), and to ISSUing ID cards and/or badges to personnel authonzed to pass through
roadblocks and enter controlled areas. Color-coded badges or Items of clothing may be used
to deSIgnate dIfferent levels of access and/or on-scene authonty


Note that the establIshment of a local command organIzatIon for management of
emergencIes IS a related prereqUIsIte more fully dIscussed In the Hazardous Materials
Emergency Planning Guide and the Hazardous Materials Contingency Planning Course
manuals referenced earlIer In thIs document Emergency plans should contain a clear and
concise summary of pnmary and support responsIbIlItIes for Command and Control,
AlertIng and NotIficatIon, CommunIcatIons, PublIc InformatIon, ACCIdent Assessment,
PublIc Health and SanItatIOn, SOCIal Services, FIre and Rescue, Traffic Control, Emergency
MedIcal ServIces, Law Enforcement, TransportatIon, PublIc ProtectIve ActIons, Exposure
Control, and PublIc Works functIons, among others. Block dIagrams should Illustrate the
relatIonshIps among the vanous response groups, each of whIch may reqUIre aSSIgnment of a
specIfic manager under the overall dIrectIon of an indiVIdual aSSIgned overall responSIbIlIty
and authonty for command of emergency operatIons The command and control team and
Its wntten plan must prOVIde a capabIlIty for 24 hour protracted operatIOns (requmng the
establIshment of work shIfts), defInItIon of decISIon-making processes In at least general
terms, avaIlabIlIty of sources of aSSIstance (includIng speCIalIzed experts) to aid deCI
SIon-makIng, and establIshment of a means to determine operatIonal readIness. POSSIble
stagmg areas should be IdentIfied for gathenng and dIspatch of response forces as necessary.
One or means must be aVailable to obtaIn detaIled and accurate infonnatIon on the hazards
and propertIes of any and all chemIcals Involved In an aCCIdent on a rapId baSIS


Keep In mInd durIng plannIng for the above actIVItIes that areas outSIde establIshed
hazard zones WIll contInue to reqUIre some degree of polIce, fIre, rescue, ambulance, health
care, and publIc works servIces.


GIVe conSIderatIon to IdentIfying sources of VIdeo and telephoto eqUIpment that can be
used. to VIew partIcularly hazardous aCCIdent SItes from a safe dIstance on a contInuous baSIS
at command, control, and medIa centers. A closeup VIew of the SIte on a teleVISIon screen
can be extremely helpful to all partIes to the response actIon In evaluatIng and chOOSing the
appropnate course of actIon, as well as satIsfy medIa requests for photo coverage and many
of the InformatIon needs of government offiCIals on scene It also enables experts to prOVIde
guIdance to response personnel approaching the SIte to undertake fIre control, leak plugging,
spIll contaInment, and/or spill cleanup efforts.
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One of the :fIrst steps of a response actIon must be restnctIon of access to the splIl site
and other hazardous areas. There IS a not-so-old saymg that states "If you want to draw a
very large crowd mstantly, m the mlddle of nowhere, dump somethmg lethal on the ground
and set It on fire." Expenenced emergency coordmators wlIl attest to the Valld1ty of thiS
observation
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ITEM#CC2


TOPIC' Establishment ofEmergency Communication Systems


When/Where ApplIcable.


Planmng Goal.


ActIon Items.


Wherever a coordInated, large-scale response may become
necessary due to a major spill or dIscharge of a hazardous
matenal


To quickly establIsh secure commUnIcatIon hnks between all
major partIes to a response action


• DesIgnate the pnmary and alternate indIvIduals responsIble for commUnIca
tIon lInks at Important locatIons.


• Survey the lands and types of commUnIcatIon systems used by vanous
agenCIes and organIzatIons WIth a major role m emergency response,
partIcularly With respect to radIo-communIcatIons equIpment


• Work out (at the very least) a system whereby the central command post
can commUnIcate WIth all key partIes to an mCIdent and relay messages
between them regardless of the possible overloadIng of normal communica
tion channels.


• Where necessary, have telephones with "UnlISted" numbers mstalled at key
locatIons.


• Where necessary, determIne the procedure necessary to request the mstalla
tIon of new or addItIonal telephone lInes by the local telephone company at
vanous locatIons on an emergency baSIS.


DIScusSIon'


Good commUnIcatIons are cntIcal to a successfully orchestrated response actIon,
partIcularly If a number of dIfferent agenCIes or organIzatIons at the local, county, state, and
even federal level have important roles Unfortunately, however, radIo systems are unlIkely
to be compatIble among all partIes, thus complIcatIng overall coordInatIon of actIVItIes.
FIeld personnel may not have ready access to telephones at all tImes. Incommg calls from
members of the publIc, news reporters, and a Wide vanety of others seekmg mformatIon, can
tIe up or slow aval1able telephone serVIce to emergency operatIons centers, polIce depart
ments, fIre departments, and offIces of publIc offICIalS, If not throughout the entIre
communIty
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Where current radIo systems are mcompanble and there 1S hnnted opportumty to
replace or supplement eXlstmg umts Wlth companble dev1ces, the problem can be solved m a
fashion by plannmg to have each key respondIng agency or organ1zanon dIspatch a
radio-eqwpped vehlcle and dnver to the central command post parking lot If the command
post 1tself has radIos companble Wlth one or more of the mobile umts, messages can be
relayed between vanous systems by dnvers of the veh1cles.


Incidents that are obVlously gomg to requrre long-term response acnV1nes and/or
evacuations (1.e., more than a day or two) may necess1tate the mstallanon of temporary
telephone lmes at vanous centers of acnv1ty (mcludmg the field command post) It 1S well to
know beforehand how to request such emergency sefVlce from the local telephone company
Alternatively, vehlcles Wlth cellular telephones may be stanoned at the s1te


There are defimte benefits for all emergency operanon centers (mcludmg those at
major industrial facilines) to have several phone hnes W1th unhsted and confidenttal
telephone numbers These can proVlde open hnes of commumcattons when all others are
tied up.


With respect to the overall use of telephones, take spec1al precauttons where an
explosion or fire at some cnncallocanon may destroy v1tal commumcanon hnks or servlces


G1ve senous thought to organ1zmg and taking advantage of the capabthttes of local
ham radio operators m the area where and when therr serv1ces may be necessary Many of
these indiVlduals take therr hobby very senously, are hkely to have fixed statton and portable
equipment that not only equals but exceeds the capab1hnes of local authonnes (smce most
ham radio operators truly enJoy attempttng to contact dIstant states, countnes, and even
contments with high power equipment), and w1ll be more than willmg to lend a helpmg hand
dunng an actual emergency.


It can also be prudent to estabhsh a system for tracking, documennng, and pnonnzmg
messages, to test all Vltal commumcanon lmks on a penodlc bas1s, to mventory equ1pment
every so often, and to ensure V1tal eqwpment 1S properly mamtamed (and replaced w1th
alternate systems whl1e undergomg reparr).
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ITEM#CC3


TOPIC Formulation ofResponse Objectives and Strategy


When/Where Applicable'


Planmng Goal.


Action Items:


Wherever a spIll, leak, f"tre, or potential explOSIOn incIdent
involVing hazardous matenals may occur.


To EstablIsh procedures for formulating response objectives
and strategIes, and to Identify emergency sItuations in which
response personnel should hmit therr actiVities until the
SItuation has "stabilIzed" or until further information or expert
aSSIstance has been obtamed.


• Use the results of the hazard analysIs to IdentIfy SItuations In whIch
response personnel should not mtervene or should hmtt or restrict therr
response actions.


• EstablIsh procedures for evaluating hazards, nsks, and site conditions so
that response objectIves and strategy can be properly formulated at the
scene of an inCident or accIdent.


DIScussIon:


Spill response guIdes publIshed by Industry and government alike often contain phrases
lIke "do not extingUish burning cargo unless the flow can be stopped safely." Additionally,
they almost umversally adVIse response personnel to Withdraw In the event of any SIgn that a
tank may explode (such as discoloration of the tank or nSIng sound from a venting pressure
relIef deVice) or If the fire cannot be controlled by unmanned deVIces. More than one ftre
department has planned to allow certam buIldings (such as pestiCIde warehouses) to burn
whtle only protecting adjacent structures WIth water, thus preventing senous pollUtion
problems from chemtcally-contammated runoff.


It follows from the above that there are potential aCCIdent scenanos m WhICh the nsks
associated WIth certam types of response actiVIties may exceed any beneftts to be realIzed,
thus proVIdmg ample reason to only undertake protective and containment actions from a
safe distance unttl the SItuation has stabIlIzed or expert aSSIstance has been obtamed General


~amples of SItuations In WhIch the best course of action may be to hold back from a direct
"attack" Include


• When a major release takes place that poses unknown hazards or hazards
for WhICh response personnel are not eqUipped or prepared


• When a flammable gas or lIqUid IS on ftre and eXtinguIshment could lead to
release of tOXIC or flammable vapors or gases, and possIbly, explOSIve
reigmtIOn


14-21


/







• When there are no endangered persons or structures nearby and the
contamer(s) and/or hazardous matenals present slgmficant hazards to
response personnel.


• When the additIon of water to a fIre may serve to spread hlghly tOXIC
contammants into the envnonment, thus causmg a pollutIon problem that
may cost much more to resolve than the value of the burnmg materials,
vehicles, or buildings


Due to the possIbility of such SItuatIons, response personnel should assess each
parttcular mcident before takmg actIon and formulate realIStIC response obJectIves. The
assessment should be based on:


• Pre-mcldent plans and/or standard operatIng procedures


• Information that has been obtamed regarding'


Matenal(s) mvolved
Contamer(s) involved
Vehlcle(s) and/or structures mvolved
Atmospheric conditIons affectmg the mCldent


• Envrronmental momtonng and samplmg data, If avmlable


• Pubhc protectIve actIons that have or have not been mltIated


• Resource requIrements (I.e., trmned personnel, specIalized protectIve gear,
other eqUlpment, etc.)


• Hazards and nsks posed to humans, anImals, property, and the environ
ment.


Upon completIon of the incIdent assessment, command personnel will be m a better
poSItion to determme whether therr response strategy should be defensIve or offensive m
nature. A defensIve posture is best taken when mterventIon may not favorably affect the
outcome of the mCldent, will hkely place emergency response personnel m slgmficant
danger, and/or may pOSSIbly cause more harm than good An offensIve posture (1 e • one
requiring response personnel to work well wlthm the boundanes of hazard zones) IS best
taken when interventIon IS hkely to result m a favorable outcome WIthOUt exposmg personnel
to undue danger and WlthOUt causmg new and potentIally more severe problems In all cases,
of course, actIons to protect the pubhc and envrronment outSIde the ImmedIate spill or
discharge area and/or to contaIn the hazard from a safe distance can be mloated regardless of
whether a defensIve or offenSIve response strategy IS chosen at the actual mCldent SIte
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ITEM#CC4


Topic: Ensuring Health and Safety at Incident Scenes


When/Where Apphcable:


Planmng Goal:


Acnon Items:


Wherever a coordmated response may be necessary due to a
sIgnIficant splIl or discharge of hazardous matenals


To estabhsh procedures for assunng the health and safety of
response personnel operanng at hazardous matenal mCldents


• Use the results of the hazard analysIs to ldennfy sltuanons m which
response personnel may be exposed to chemical or phYSical hazards at an
mCldent scene.


• Estabhsh standard operanng procedures for a site safety and health program
that addresses:


Estabhshment of hazard control zones
POSlnOnIng of personnel, apparatus, and eqUlpment
Selecnon and use of personal protecnve gear
Safe operanng pracnces
Medical surveillance and care
Decontammanon of protecnve gear and eqUlpment
DecontamInanon of response personnel
Mamtenance of field personnel


• Identlfy equipment and matenals that may be needed to support the site
safety and health program.


• Estabhsh procedures for obtalmng any equipm~nt and matenals that may be
needed to support the site safety and health program


DISCUSSion:


A system must be established to ensure the health and safety of emergency response
personnel The responslblhty of estabhshmg and managmg the safety and health program
should be assigned to a predesignated Safety Officer and an alternate, who may also be
assigned one or more assistants


An Important component of the safety program will mvolve estabhshment of hazard
control zones at the mCldent scene to hmlt the number of people m the most hazardous areas.
The exact size and configuranon of these hazard control zones must be determmed and
Visually dIfferentiated at each partIcular mCldent based on mCldent-specmc factors and
situations and may mclude the followmg:
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• "Hot Zone" - Area of maxnnum hazard surroundmg the damaged contam
er(s) or fire area which may only be entered by specially eqUipped and
trained response personnel.


• "Warm Zone" - Area of moderate hazard outside the Hot Zone m which
properly eqUIpped and trained backup crews standby and decontamination
takes place.


• "Cold Zone" - Area outside the Warm Zone that poses minimal or
negligible hazards to emergency personnel. The command post, most of
the deployed apparatus, and the resource staging area should be located m
the Cold Zone.


Safe operating procedures to be established and enforced by the Site Safety and Health
Officer include but are not 111lu.ted to:


• The use of appropriate protective gear and equipment (see Items #PP1 and
#PP2 that follow).


• Limiting the number of personnel in the "Hot" and "Warm" hazard control
zones.


• Utilizing the most experienced personnel for the most hazardous tasks.


• Positioning a backup team in the "Warm Zone" in case it is needed to assist
or rescue personnel in the "Hot Zone".


• Providing medical surveillance for personnel before and after "Hot" and
"Warm" Zone operations.


• Monitoring (visually and through communications contact) the welfare of
personnel operating within the "Hot" and "Warm" Zones.


• Ensuring that all personnel understand their assignments.


• Ensuring that responders do not mgest contaminants through eating,
drinking, or smokmg.


• Enforcing a "No Smoking" pollcy at incidents mvolvmg flammable or
combustible materials.


• Decontamination of protective gear and response equipment (see Item #PP3
that follows).


• Replacing fatigued personnel with "fresh" personnel.


• Adjusting hazard control zones to reflect changing conditions.
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Where deemed necessary, properly eqUIpped medtcal personnel and one or more
ambulances should be aval1able to check and (If necessary) treat mJured or contammated
response personnel as necessary. These personnel should check the Vital SignS and general
health of all personnel who Will don specialized protective gear and enter "Hot" or "Wann"
Zones, partIcularly where fully encapsulating protective suitS are bemg used, smce
non-cooled SUitS can be very stressful to the wearer. The health of potentially exposed
response workers should be rechecked as appropnate and deemed necessary upon completion
of therr duties


Readers should be adViSed that the Occupational Safety and Health AdmimstratIon
(OSHA) has developed interim regulations for protection of workers at hazardous waste and
emergency sp111 sites. Covenng all hazmat teams, local frre and pohce departments, and
emergency medtcal servIces, these regulations proVide far more detalls than that prOVided
herem on how to go about meeting site safety and health requIrements. Planmng personnel
should therefore obtain the latest versIOn of these requIrements (see 29 CPR 1910.120) and
ensure they are prepared to comply With therr provIsions Fmal rules on this tOpiC are
expected dunng 1989.


The mtenm regulations currently m force reference several pubhcatIons that provide
guidance on estabhshmg safe operating procedures. A sample of these and others of
potential interest mclude:


• Standard Operating Safety Guidelines, U.S EPA Office of Emergency
and Remedial Response, Hazardous Response Support DIVISion, December
1984.


• The Decontamination of Response Personnel, Field Standard Operating
Procedures #7, aVaIlable from same EPA office Cited above, December
1984


• Preparation ofa Site Safety Plan, Field Standard OperatIng Procedures #9,
avallable from same EPA office Cited above, Apn11985.


• Work Zones, Field Standard Operating Procedures #6, avallable from same
EPA office Cited above.


• Personal Protective Equipment for Hazardous Materials Incidents' A
Selection Guide, U S Department of Health and Human ServIces, Public
Health Service, Centers for Disease Control, National Institute for Occupa
tional Safety and Health, October 1984 (see Items #PP1 and #PP2 also).
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ITEM#EVI


Topic: Designtltion 01Decision Responsibilitylor Public Protective Actions


When/Where Applicable:


Planning Goal:


Action Items:


Wherever pubhc evacuatIons or other protectIve actIons may
become necessary due to hazardous matenal splIls or ws
charges.


To ensure the emergency plan denotes the specIfic mdlV1du
ales) with authority to ImtIate and later tenmnate an evacuatIon
or other protectIve actIon under varyIng CIrcumstances.


• Check local and state laws and regulatIons to determme who has responSI
bility for evacuatIon or "shelter-m-place" deCISIons.


• Ensure that this mwvidualls aware of the responslblhty and prepared to act
in a tImely fashIon


Discussion:


Laws designatIng authonty for pubhc evacuatIons, actIvatIon of the Emergency
Broadcast System (EBS), or actIvatIon of other means to alert or notIfy the pubhc of an
emergency vary from state to state and even poSSIbly at the local level Smce tIme IS cntIcal
during the imtIal stages of a real or potentIal emergency, It IS necessary to know who has
authority to make evacuatIon and slml1ar decISIons. In adwtIon, It IS necessary to ensure that
this (these) inwV1dual(s) will be contacted promptly, w111 be gIven the mfonnatIon needed to
make proper deciSIons, and will be capable of actIng qUIckly and decISIvely


Where these decISIons are the responsIbility of elected offiCIalS such as the governor of
the state or local mayors, It may be prudent to ask these mWV1duals to delegate the
responSIbility to the person(s) gIven overall command of response actIVItIes, partIcularly If
these latter personnel are better quallfied to assess the nature and magnItude of the threat


Once the emergency IS over, a person m authonty must gIve approval to permIt reentry
of evacuated areas or to give an "all clear" SIgnal The response plan should also IdentIfy thIS
individual.
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ITEM#EV2


Top1c: Criteria for Evacuation and Shelter-in-Place Decisions


When/Where Apphcable·


Planmng Goal.


Actlon Items.


Wherever pubhc evacuatlons or other protectlve actlons may
become necessary due to hazardous matenal splIls or dls
charges.


To give command personnel gu1dehnes Wlth respect to· 1) the
circumstances under which the public should be evacuated or
mstructed to shelter-m-place; and 2) the S1ze and shape of the
areas that should be cons1dered vulnerable dunng VarIOUS
types of emergency s1tuatlons


• Make pohcy dec1s10ns Wlth respect to levels of tOX1C agents, thermal
radlatlon, and explos10n overpressures wh1ch may be tolerable by the
pubhc.


• Comp1le data on the S1ze and shape of potential hazard zones.


• Develop cntena for evacuation and shelter-m-place dec1s1ons.


DIscussion·


Thls is not a tOP1C commonly suggested for mcluslOn in hazardous matenals emergency
response plans but 1S one that defm1tely warrants attentlon T1me can be cntlcal m s1tuatlons
that may requrre pubhc evacuatlons or related protectlve actlons and may not permlt lengthy
dlscusslOns or dehberatlOns as to whether an evacuatlon 1S warranted or how large an area
should be cons1dered at nsk. Predetermmed cntena for dec1s1on-makmg can therefore
greatly faclI1tate the process


The acc1dent scenarIOS developed Vla use of th1S gu1de, as well as the computatlonal
methods descnbed m Chapter 12, can be a key source of mformatlon for evacuatlon planmng
where speclfic faclI1tles or hazardous matenal sh1pments are known to pose a threat These
threats can be quantlfied V1a use of th1S gu1de and tabulated withm the emergency response
plan. Separate tabulatlons can be prepared for tOX1C vapor clouds or plumes, hqUld pool
frres, flame Jets, potentlal BLEVEs, and the other speclfic hazards addressed by Chapter 12
Where altematlve gu1dance 1S lackmg, and the mC1dent scenarIO 1S not one that was
cons1dered dunng the planmng process, some thought may be given to the suggestion that the
methods of Chapter 12 be apphed on a real-tlme bas1s dunng emergenc1es to evaluate hazard
zones
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The 1987 Emergency Response Guidebook (DOT P 5800 4) contams guIdance from
the U.S. Department of TransportatIon (DOT) WIth respect to recommended evacuatIon
distances for potentIal BLEVEs and vapor or gas hazards mvolvmg rall or hIghway vehIcle
accidents. The hst of hazardous matenals consIdered for gas or vapor hazard purposes (m an
appenchx to the DOT guIde) IS relatIvely short but mc1udes those hIghly volanle substances
most commonly transported m commerce.


This same section of the emergency plan should also gIve some guIdance as to whether
the pubhc should be evacuated from a tOXlC vapor hazard zone or told to shelter-m-place -- or
whether both protectIve measures should be conSIdered for use m dlfferent pomons of the
zone (I.e., evacuatIon close m to the vapor source where concentratIons are hIgher,
shelter-in-place at further dlstances) See Appendlx C to this document for further mfonna
tIon on evaluation and ImplementatIon of the shelter-m-place optIon


In all cases, remember that hazardous matenal spllis can be "dynanuc" events in the
sense that mCIdent condltIons, the weather, and the wmd drrectIon can change Wlth nme.
Gwdance obtained from consequence analySIS procedures proVlded m thIS document or other
sources should only be conSIdered a stamng pomt for the decISIon process In an actual
emergency, evacuanon area and/or hazard zone assessment must be a contInuous aCtIVIty.
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ITEM#EV3


Topic: Public Alert/Notification/Instruction Procedures


When/Where Apphcable'


Planning Goal:


Action Items:


Wherever pubhc evacuations or shelter-in-place decisions may
become necessary due to hazardous matenals spills or dis
charges.


To plan for and specify the methods and procedures by which
the public will be alerted of an emergency situation and given
mstructions on what to do.


• Identify available alert and notification methods and practices.


• Specify which are to be used, who will use them, and when and how they
are to be activated.


• Have lists of suitable shelter facl1iues available and procedures specified
for assigning different groups of people to these various locations.


• Specify evacuation routes for all areas at risk based on results of the hazard
analysis.


• Prepare 'sample messages for vanous situations.


• Establish a procedure to obtain and dtstnbute appropnate protective
equipment to personnel who may experience prolonged or excessive
exposures to tOXiC contammants whlle performIng notification or evacua
tion operations. Provide trammg m use of this eqUIpment as necessary.


Discussion:


Public authonues require the means to alert the pubhc of an emergency situation and to
give instructions to those indiViduals withIn a hazard zone or approaching such a zone.


Options for alertmg the public include community or mdustnal faClhty horns or strens,
use of the Emergency Broadcast System (EBS), broadcasts by mdlVldual radio and teleVISion
stations (includmg cable TV), use of pohce or fire department vehicles With pubhc address
systems, door-to-door coverage of neighborhoods by knocking on doors, use of an "all-call"
system which nngs all telephones m the area and repeats a recorded message, use of
helicopters with public address systems, and vanous combinations of the above. Be adVised
that the pubhc must be instructed before an actual emergency as to the meanmg of warmngs
provided by horns or strens Via a pubhc education program. Emergency planning requires
knowledge of the specIfic procedures and access codes for utihzatlon of the EBS and radio
and teleVision station resources. As an evacuation progresses, pohce, fire, pubhc works,
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and/or other government employees (dependmg on who Inlght be the most readtly avatlable
and free of other Important duties at the ttme) may have to go door-to-door to ensure that all
residents have been alerted and to proVIde assistance to the elderly, phYSically handtcapped
or hearing Impaired It IS a good Idea for these personnel to be eqUIpped WIth appropnate
personal protective equipment when necessary and a supply of chalk or colorful tags that can
be used respectively to mark doorsteps or place on door knobs to mdtcate that the bUlldtng
has indeed been evacuated. Note that evacuation of people m mdtvldual residences who
require special notification or assistance can be faclhtated 1fpubhc offiCials have comptled a
list of those homes requmng Special attention


In designating evacuation routes, keep m mmd that major roads are most desrrable, but
may not always be avatlable. Smce the dIrection of the WInd at the time of a hazardous gas
or vapor release cannot be predeterImned, and smce the dIrection may change With time,
emergency personnel may requrre more than one option for any given hazard zone. As soon
as an evacuation has been declared, pohce and auxlhary personnel should be prepared to
control traffic on evacuation routes, to keep non-evacuation related traffic off these roads,
and to remove any vehIcles that breakdown and cause a slowdown of movement. These
activities may in turn requrre the ready avaIlablhty of tow trucks and portable roadblock
matenals (barricades, cones, signs, etc) Addttlonally, thought should be given to removmg
Impediments to traffic flow caused by excessive precipItation (ram or snow), fallen trees,
crossing trains, and so forth.


Standard message formats for use m radto and teleVISion broadcasts can faclhtate and
reduce the time necessary to alert the pubhc of a problem and mform them of the protective
actions to be taken. The overall plannmg process must conSider deSignation of evacuation
routes and these routes should be Identlfied m pubhc warnmg messages, as should the
location of shelters to which people With automobIles should proceed, the locations where
people without automobIles should gather for pick up by buses or vans (see Item #EV4), and
what actions should be taken by people With chIldren at school m a potential hazard zone
These messages should mstruct people to bnng any prescnptlon medtcmes and special
personal care Items WIth them See Item #EV7 for a mscusslOn of what to do about pets.
The Hazardous Materials Contingency Planning Course manuals referenced m Chapter 1
provide several sample messages for conSideration m accomphshmg thiS obJective. Keep m
mind that messages may have to be broadcast m languages other than Enghsh m
commumties with concentrations of ethmc minontles


InCidentally, be adViSed that there are hkely to be people who for one reason or another
may resist mstructlons to evacuate, even when confronted face-to-face With a pohce officer
Officers sent to persuade the last few faImhes or mmvlduals who refused to evacuate m a
major 1986 evacuation m MtaInlsburg, OhIO, achieved conSiderable success by asking these
people to prOVIde mformatlon on therr "next of kin" for use m the event of therr deInlse. The
holdouts, to the last person, got the message and cooperated With the evacuation order
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ITEM#EV4


TOp1C. Transportation Functions


WhenlWhere Apphcable·


Plannmg Goal(s):


Action Items·


Wherever pubhc evacuatlons may become necessary due to
hazardous matenal sp1lls or dIscharges and pubhc authontles
fmd 1t necessary to prov1de transportatlon for evacuees


To plan for the aval1abl1lty of buses, vans, ambulances, and
other vehlcles to transport general members of the pubhc
Wlthout automobl1es, school children, res1dents of hospitals
and nursmg homes, and poss1bly even pnson populatlons to
safe shelters


• ASS1gn one or more persons respons1bility for coordlnatlon of transporta
tlon actlv1tles dunng an emergency.


• Estabhsh agreements W1th pubhc and pnvate bus compan1es and ambulance
serv1ces for proVls1on of vehlcles and dnvers under emergency condItlons


• Develop evacuatlon plans for spec1al occupanc1es such as schools, day care
centers, hOSp1talS, nursmg homes, and pnsons and the lIke, poss1bly
coordInattng efforts W1th slmllar fac111tles m some sort of mutual aid
program


• Develop commumcatlons, dIspatch, and commandlcoordmatlon systems for
control of the vehlcle fleet.


• Bnef dnvers on procedures penodlcally.


• Estabhsh a procedure to obtaIn and dIstnbute appropnate protectlve
equipment to personnel who may expenence prolonged or exceSSlVe
exposures to tOX1C contammants while performmg notlficatlon or evacua
tion operations.


• Cons1der gIVlng trammg to at least a portton of the dnvers m the use of
self-contaIned breathlng apparatus (SCBA) 1f entry mlght be necessary or
may unexpectedly occur (due to Wlnd drrectlon Sh1fts or other factors) to
zones Wlth tOX1C arr contammatlon


• Select safe locatlons (to the extent poss1ble) at Wh1Ch the pubhc should
assemble m therr respectlve ne1ghborhoods for p1ck-up by transport
veh1cles
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• Where large areas may be at nsk (based upon results of the hazard
analysis), plan for a staged evacuatton WIth zones at hIghest nsk bemg frrst
evacuated, followed by zones WIth lesser nsks.


Discussion:


The action items are self-explanatory. Note that a good evacuatton plan IS not only
useful for hazardous material emergencIes but any other emergency situatton that may
require relocatton of the publIc The presence of hOSpItalS, large schools, nursmg homes,
and/or prison facilities can requIre detaIled plannmg and preparedness to faCIlItate what WIll
be a monumental task under the best of CIrcumstances


The individual given responsIbility for transportatton operattons nught also be gIven
responsibility for ensuring that any needed response eqUIpment, matenals, and personnel are
delivered promptly to the scene of an acCIdent and for ensunng an adequate state of
operational readiness, thus consolIdattng the management of all transportatton related
actiVities.
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ITEM#EVS


TOPIC: Care and Shelter ofEvacuees


When/Where Apphcable:


Planmng Goal(s)'


ActIon Items.


Where pubhc authontIes may find It necessary to provide
shelter for large numbers of evacuees


To proVlde safe and comfortable shelters for relocated
populatIons.


• Use hazard analySIS results to estlmate the maXImum number of people for
wmch shelter mIght need to be provided and the possIble duratIon of a
major evacuatIon, talang mto account those famllies and mdIvlduals that
mIght stay Wlth fnends or relatIves or prefer to check mto hotels and
motels.


• CoordInate shelter planmng efforts Wlth the Amencan Red Cross and
ensure that the local chapter can cope Wlth the number of potentIal
evacuees.


• Have hsts of shelters and route maps readily available for use m gIvmg
mstructIons to evacuees and vehicle dnvers.


• Where necessary, ensure plans are m place for populations needing speCial
care.


DIScussIon.


Hlgh schools Wlth showers and cafetena fac111tIeS are probably the best chOices for use
as temporary shelters, Wlth large churches haVlng functIon halls a Vlable alternatIve m most
commumtIes Durmg vacatIon seasons, umversltIes or other schools Wlth dOrmltory faClhtIes
should be considered Not to be forgotten are any nearby mIhtary bases With excess or
temporary housmg facilitIes and overnight summer camps for youngsters m the off-season


The Amencan Red Cross has long estabhshed methods and procedures for sheltenng
evacuees Determlne ItS capab111tIeS m the locale or JunsdIctton of concern, consider ItS
needs m overall emergency plannmg, and plan to provide any assistance requrred to achieve
the stated planmng goal Helpful hmt Work With the local chapter m developmg evacuatton
mstructions to be broadcast to the pubhc, pamcularly With respect to the clothmg, bedding,
medIcmes, and other supphes the Red Cross may wish the pubhc to bnng Wlth them


Once evacuees reach a shelter, people w111 want to report "mIssmg" persons or to
determlne If therr fnends, famlly members, relattves, or neighbors are "lost" or at another
shelter Response to these quenes, as well as IdentIficatIon of persons legitImately mIssmg,
w111 requrre regIstratton of people upon entry and commumcattons between shelters Where
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the evacuation may be prolonged, and vehtcles are ava11able for use after the primary
evacuatIon has been completed, a mechamsm should be estabhshed for reumon of separated
fannhes, relatIves, and close fnends that can prOVIde a mutual support system under adverse
circumstances.


Shelters should be asSIgned medIcal teams to care for people who become 111 dunng the
evacuation or at later times. These medIcal personnel should be alerted to the SIgns and
symptoms of exposure to the hazardous matenal(s) mvolved m the mCIdent so that they may
identIfy victIms and provide necessary care. ContamInated mdIVIduals (those havmg
contammant reSIdues on their persons or c1othmg) should be segregated from unexposed
people untIl decontammated. (Note: SIgnIficant contamillatIon IS unlIkely to be of concern
except where highly toxic aerosols, mIsts, or dusts have entered the atmosphere or where
individuals were m the immedIate viCinIty of the spill or discharge) Fac11ItIes should also be
available for care of the handicapped or elderly.


Thought should be given as to how best to manage any pets brought along by evacuees
Human services personnel may be necessary to fulfill counsehng, recreatIonal, and other
needs of confined populatIons. QUIte ObVIously, shelters wIll reqUIre mitIal and penodic
supphes of food, water, and all other personal need Items of mhabitants
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ITEM#EV6


TOPIC Security ofEvacuated Hazard Zones


When/Where Apphcable:


Planmng Goal:


Actlon Items:


Wherever large areas may requJ.re evacuatlon due to hazardous
matenal splIls or dIscharges.


To ensure that pnvate and pubhc property is safe-guarded
dunng evacuations and that unauthonzed mdIvlduals do not
enter hazard zones


• Plan to proVlde pohce and/or other forces to man roadblocks on routes to
potennal hazard zones.


• Plan for ground and pOSSIbly aenal patrols of evacuated areas.


• Estabhsh procedures to proVlde personnel with appropnate personal
protective deVIces and tralning in theIr use where changIng acCIdent or
envIronmental condInons may suddenly change the boundarIes of haz
ardous areas.


DIscusSIon


Personnel and vehicles should be avallable to estabhsh and malntaln roadblocks on the
boundarIes of hazardous areas. One reason for thIS is to prevent umnformed or cunous
members of the pubhc from entenng hazardous locanons Another mvolves prevennon of
entry by those who may Wlsh to take unlawful advantage of the fact that some part of the
commumty has been temporarlly abandoned


Where and when it IS safe to do so and deemed necessary, patrols of evacuated areas
can enhance secunty whIle double-checkmg that all members of the pubhc have left
deSIgnated areas Aenal patrols durmg dayhght hours can provide a better "pIcture" of what
IS happemng on the ground, whl1e hehcopters can help ferry cnncal personnel and supplies
Helpful hmt: Hehcopters may be avallable from the state pohce, local charter servIces, local
ramo and teleVlslon stanons, and nearby mllltary posts.
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ITEM#EV7


TOpIC: Movement and Care ofLivestock andPets


When/Where Apphcable:


Planning Goal:


Action Items'


Wherever evacuations may become necessary due to haz
ardous matenal spills or discharges


To plan for and specify the methods and procedures by whIch
domestic or other captive hvestock may be moved to a safe
location and properly cared for when the potential anses for a
major tOXIC gas or vapor release to the envrronment and tIme
permlts thIs action. Also, to gIve some thought to tendmg pets
left behInd m an evacuation or brought to shelters by evacuees


• Use the results of the plannmg baSIS development process to determlne If a
large number of valuable hvestock mIght be threatened by a major spIll or
discharge.


• DeCIde whether resources and tlme mIght be avaIlable for thIS aCtiVIty or
whether It IS only practical to protect human populations


• If desIred and necessary, plan for the movement and care of hvestock WIth
local resources


• Estabhsh procedures for handlmg household pets dunng evacuations


DISCUSSIOn:


Movement and care of domestic hvestock IS hkely to be most apphcable m rural areas
with large populations of valuable anImals and relatively few people It may not be worthy
of conSIderation in other circumstances unless a zoo contammg extremely valuable or rare
animals may be at nsk.


The subject of household pets may seem rather tnVlal at fIrst, but It IS well to remember
that many people care deeply for theIr ammal fnends, and the Issue of pets has caused
problems In past aCCIdents Plannmg personnel WIll have to deCIde whether to permlt
evacuees to brmg theIr pets With them to shelters or to mandate that they be left behInd, WIth
the knowledge that both options are surely to cause diffIculties of one kmd or another


As time passes durmg an evacuation In WhICh pets have been left behmd, and the
evacuation was ordered because of the threat of a release rather than an actual dIscharge,
people will ask questions about what IS beIng done to feed theIr anImals and/or may attempt
to enter evacuated areas to care for them One way to handle the problem for pets left
outdoors is to asSIgn someone the responSIbility of leavmg supphes of water and pet foods at
various locations on a daIly baSIS when and where It IS safe to do so People who are forced
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to leave pets mdoors can be told to set out several days of food and water before leavmg
home Keep m mmd that pets exposed to toXIC agents may be mJured or killed and that
hazard zone reentry activIties after the threat has abated should mclude procedures to collect,
care for, and possIbly dIspose of these antmals as necessary and appropnate.


Even If evacuees are told to leave pets behmd and not bnng them to shelters,
emergency preparedness personnel should expect and plan for the fact that some people WIll
mdeed bnng therr pets WIth them and should have procedures worked out on how to handle
these SItuatiOns.
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ITEM#FFl


Topic: Special Firefighting Equipment and Materials


When/Where Apphcable:


Planning Goal:


Action Items:


Any locale m winch a fIre mvolvmg hazardous matenals may
reqUIre specIal equIpment or extmgUlshmg agents for control
and/or extmgmshment


To ensure that the fIre seIVlce has rapId access to any special
equIpment and matenals It may need m the event of an unusual
fIre SItuatIon


• Use the results of the hazard analysIs to IdentIfy those SItes or spul
scenanos that appear to present unusual fIre hazards m the sense that
speciallzed eqUlpment and/or supphes may be requrred for response


• Identify sources of needed fIrefIghtmg eqUIpment or supphes that may be
called upon m an emergency.


Discussion:


Public fIre departments pnmanly rely upon water for fIre control and extIngUlshment,
but are well aware that water can be meffectIve on some types of frres and may actually be
counterproductIve or dangerous for use m other cases Nevertheless, smce water IS usually
adequate for most large frres encountered, these departments rarely stock more than a hmlted
number of portable dry chemIcal or carbon dIOXIde extIngUlshers and pOSSIbly a small
amount of foam concentrate These supphes of auxlhary agents may not be adequate for
major chemIcal or petroleum product frres or flIeS mvolvmg combusnble metals Thus,
where the hazard analysIs has ldentlfted scenanos requmng unavmlable resources, the frre
department should be asSISted m ldentIfymg sources of addItIonal supphes and eqUlpment for
use in emergenCIes.


Anports compnse one potentIal source of aSSIstance Mlhtary aIrports are hkely to
have crash/rescue velncles With slgmflcant foam generanon and dIspensmg capablhtIes
They are also hkely to have large capaCIty umts for dIschargmg carbon dIOXIde, halons, and
possibly dry chemICals CIvilian aIrports are hkely to have large foam trucks and/or dry
chemIcal trucks, and wheeled-portable dry chemIcal umts Both types of aIrports may have
supplies of SpecIal agents for combusnble metal frres


Chemical and petroleum processmg faculnes With mternal fIre bngades are another
potentIal source of supphes They may also have speclal portable eqUIpment for fIghnng
storage tank fues.


14-38







ITEM#FF2


Topic' Identification ofWater Sources in RuralAreas


When/Where Apphcable. Where an accident requmng large amounts of water for
response takes place in an area distant from hydrant or other
water supply systems


Planmng Goal' To identify sources of water in areas not served by a central
water supply system


Action Items:


• Use hazard analysis results to identify potential inCident locations distant
from water systems


• Compile a hst of nvers, streams, lakes, ponds, reservorrs, wells, farm
holding tanks, other water tanks, and SWlmmlng pools that can be used to
supply water to an accident scene or to refill water trucks.


• Estabhsh procedures for coordinanng and implementmg water supply
operations


DiSCUSSion:


The planmng goal and action items are self-explanatory.
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lTEM#HCl


Topic: Establishment ofSpecial Rescue Squads


When/Where Apphcable.


Planning Goal:


Action Items:


Wherever response personnel or members of the pubhc may be
dtsabled. or trapped. due to a spillage, fIre, or explosIon
mvolvmg hazardous matenals.


To have two or more specIal teams avmlable who can safely
enter hazardous enVIronments to rescue mJured or trapped.
mdtVIduals


• Assign responsIbility for speCIal rescue operatIons to specmc teams


• Use the plannmg baSIS scenanos to IdentIfy potentIal SItuatIons requmng
SpecIal clothing or equipment for safe rescue operatIons.


• Ensure that trained. rescue personnel have or can quickly obtaIn self-con
tamed. breathmg apparatus (SCBA) and any reqUIred chemIcal protectIve
clothmg.


• Ensure that spare breathmg apparatus IS avaIlable for use by those being
rescued where necessary.


DiscussIOn:


There are a vanety of scenanos under which workers at chemIcal facIlIties or members
of the pubhc near or downwind of a hazardous matenal release may be overcome by toxic
vapors or gases, exposed. to hIgh levels of thermal radtatIon, or mJured due to the effects of
an explosion. FIre departments are usually well-prepared and expenenced m rescumg people
from fIre and explOSIOn SItuatIons, and will m many cases not requIre any new or addttional
planning to meet these responsIbilitIes. The SItuation can be qUIte dtfferent, however, where
toxic or corroSIve chemicals may have been released. to the enVIronment or continue to be
released.


Chapter 6 explamed. that some chemIcals can be readIly absorbed. through the skm to
cause tOXIC effects and that others can have a corroSIve actIon on bodtly tIssues A problem
arises when: 1) such matenals are on the ground, must be walked. through to reach VIctIms,
and are mcompatIble with the usual footwear of rescue personnel, thus pOSSIbly allowmg
contaminatIon of the feet; or 2) hIgh concentratIons of such substances m arr can penetrate
the normal clothing of rescue personnel. In eIther case, rescue workers may need. special
chemical protective clothmg, together WIth a self-contamed. breathmg apparatus (SCBA), to
carry out therr mission WIthOUt themselves fallmg victIm. There are benefIts, therefore, m
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assigmng these unusual rescue mISSions to special teams that are trained and properly
eqUiPped for the duty. More on the tOPiC can be found m Items relatmg to personal
protectIon.


The purpose of suggestIng the aVailabilIty of spare SCBA umts IS actually two-fold
Not only mIght people trapped m hazardous area reqUIre them to escape, rescue workers may
need extra arr supplIes to accomplIsh lengthy rescues Even the best SCBA umts rarely
prOVide air to the wearer for more than 30-60 mInutes Heavy exertIon whIle weanng these
umts can slgmficantly shorten theIr duratIon of effectIve operatIon


Rescue teams operatIng m hazardous enVIronments should work m at least parrs. This
IS a common safety practIce, as IS the practIce of havmg a backup team ready for actIon If a
problem should develop.


Rescue teams of a dIfferent nature and with different eqUipment requIrements may be
necessary when buIldings have collapsed due to an explOSion and people are trapped under
thembble.
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ITEM#HC2


TOpIC. Provision ofAmbulance Services for Victims


When/Where Applicable:


Planning Goal:


Action Items:


Wherever the number of casualtles due to a hazardous matenal
spill or dIscharge may exceed the normal capacIty of aVaIlable
ambulance servIces


To ensure that suffiCIent ambulances and EMTs are avaIlable
for mass casualty sItuatlons (m addItlon to umts that may be
needed for evacuatlon of health care faCIhtles).


• Use hazard analysis results to determIne worst case ambulance servIce
needs.


• EstablIsh mutual aId systems WIth servIces m neIghbonng commumtles and
regions as needed.


• Determme procedures for requestIng mIlItary medIcal aSSIstance If major
bases are nearby.


• Establish procedures that may be requIred by EMTs m treatment and
decontammatlon of VICtlmS exposed to chemIcal contamInants, mc1udIng
the admInIstratlon of speCIal antldotes that may be necessary m the event of
pOlsonmg by certaIn hIghly toXIC substances


• EstablIsh procedures for obtammg and dIstnbutIng potentlally reqUIred
personal protectlve clothmg and deVIces to ambulance personnel, prOVIde
necessary trainmg for theIr use.


• Ensure that any decontamInatlon and/or treatment supplIes reqUIred by
ambulance personnel will be readIly avaIlable m an actual emergency.


DISCUSSIon:


The actlon items are self-explanatory. WhIle undertalang planmng aCtlvItIes, keep m
mind that populatlons normally reSIdIng outSIde the establIshed hazard zone WIll contlnue to
reqUIre access to emergency ambulance servIces. WIth respect to the potentIal problem
involVIng contammation of VICtlms and vehIcles by chemIcal reSIdues, be adVIsed that thIS
will usually only be of concern for relatlvely few hazardous matenals released mto the
atmosphere as aerosols or dusts (when the vIctlms have not been m the ImmedIate vIcImty of
the spill or dIscharge). The vast maJonty of arrborne gases or vapor wIll not "stlck" to a
person or hIs/her clothmg m any SIgnIficant fashIon See Item #HC3 for contammatlon
problems in health care facilitles and Item #PP3 for decontamInatlon of protectlve clothmg
and other response eqwpment for addItlonal mformatlon
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ITEM#HC3


Topic: Establishment ofa Mass Casualty Plan


When/Where Apphcable'


Planmng Goal:


ActIon Items:


Wherever mass pubhc casualtIes are hkely In the event of a
d1saster.


To ensure that area hospitals and health care faclhtIes are
prepared to handle mass casualty situatIons, Includ1ng those
due to spills or d1scharges of hazardous matenals.


• Use the hazard analysIs results to determtne which hazardous matenals
acCidents could cause mass pubhc casualtIes.


• Ensure that area hospitals and health care facilitIes have a coord1nated plan
for handlIng mass casualty situatIons in general.


• Ensure that necessary advice for med1cal treatment of chemical exposures
is readily available.


• Ensure that means eXist to rapidly obtain any SpeCial antIdotes or med1cal
supphes that might be needed on short notice and In large quantities.


• Work WIth the Amencan Red Cross, the SalvatIon Army, and members of
the local clergy In developing procedures for nottficatIon of next of kin In
the event of fatalitIes or senous lnJunes.


DISCUSSion:


This Item pertains to those emergency situatIons which have the potentIal to kill or
Injure dozens, hundreds, or pOSSibly thousands of Ind1vlduals over a short penod of time. Its
Intent IS to ensure that med1cal care prOViders can cope WIth the problem as effiCiently and
effectIvely as pOSSible. Fortunately, many hospitals and chmcs across the country already
have such plans for non-chemical related emergencies and therefore have the basiC elements
of a plan that can be expanded to cope With hazardous matenal emergencies. There are,
however, five Special topics to conSider.


FlISt of all, It IS necessary In all chemical exposure SituatIons, not Just those InvolVIng
large numbers of people, to have InformatIon read1ly available on: 1) the tOXIC effects of the
substance(s) of concern by all hkely routes of exposure; 2) the observable symptoms of
human exposures, 3) the special med1cal tests (u any) that may be adVisable to assess the
extent of Injury; 4) the need to observe Victims for delayed effects; and 5) the treatment
methods or protocols recommended for VarIOUS types and levels of exposure. Pubhc
authontIes should never assume that phySICians or hospitals have this InformatIon on hand.
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Nor should they assume that the basic fll"St aid and health effect data gIven m typical material
safety data sheets will be adequate for all eventuallnes Opnons to ldentlfy or obtaIn more
comprehensive mformation mclude:


1) Compl1e or arrange rapid access to a hbrary of detaIled chemical toxicology
guides and handbooks.


2) Arrange access to computerized on-hne tOXlcology data banks such as the
major system operated by the Nanonal Library of MedIcme


3) Rely on CHEMTREC to ldentlfy appropnate mformanon sources at
chemical manufactunng compames m the aftermath of a sp111 or discharge


4) Request that mdustrial complexes handhng hazardous matenals prepare a
.' medical response plan for chemlcal emergencies and appomt one or more


limsons to area medIcal facilines, preferably selected from thell internal
medical department staffs.


5) Make contact With local Poison Control Centers to determlne thell
capabilities.


Mass casualty situations may require estabhshment of field hospitals to care for the
injured. and to identify, stabilize, and transport more senous cases to hospitals. Some
consideration should be gIven to preselecnon of sites to which the public can be directed m
the aftermath of a spill emergency where thIs action IS warranted. OutSide and local medical
care personnel should be informed of thell responsibihnes m staffing and eqUIppmg such
facilines on a rapid basis. Emergency plans should conSider the need for accurate accountmg
of patients and their destinations after triage. The onscene medIcal command post should be
under the dIrecnon of a smgle mdIVldual and an alternate m charge of all medical operanons.
A supplement to the Guide fot Development of State and Local Emergency Operations
Plans referenced in Chapter 1 of thIs gw.de and dated March 18, 1987, prOVides extensive
gUIdance on planning for this connngency and IS highly recommended. FEMA's document
designation for this supplement IS CPG 1-8, CRG 1.


Some chemical exposures that can pOlson the body are best treated Wlth specific
antidotes or special eqUlpment. MedIcal response plans should Identify and ensure avmlabl1
ity of any such speClal supphes. This does not necessanly mean that large stocks must be
purchased and stockpiled, only that sources be ldennfied and a mechanism be estabhshed for
their rapid procurement Helpful hmt: Ask the medIcal departments of local mdustnes
handling toxic chemlcals whether they stock or see a need to stock special supphes or
antidotes for chemlcal exposures.


Be aware that Vlcttms of a chemlcal-related emergency may be contRmlnated m the
sense that thell skm, harr, or clothes may have reSidues of chemlcals under several
envisionable accident scenanos, pamcularly If they have been In the ImmedIate VICInity of
the spill or discharge or exposed to arrborne aerosols or dusts. There have been cases where
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med1cal personnel have had to decontannnate Vlcnms and have needed protecnve clothIng (at
least gloves and masks) to protect themselves from potennal tOXIC exposures Med1cal
response plans should take such posslblhnes mto account.


Fmally, besides the possible need for a temporary morgue and large-scale mortuary
services, note that next of km must be promptly notlfied of fatallnes or severe mjunes
carefully and m a senslnve and suppornve fashIOn. As noted elsewhere, thIS acnvlty should
be dIscussed Wlth the Amencan Red Cross and Salvanon Army and coordInated With
members of the local clergy.
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ITEM#PPI


TOPIC: Availability ofRespiratory Protective Devices


When/Where Apphcable:


Planning Goal:


ActIon Items:


Any locale that may expenence a major release of 1mtating or
tOXIC arrborne contamInants


To ensure both mItial and continued avaIlabIhty of a sufficIent
number of self-contaIned breatlnng supply apparatus (SCBA)
dunng emergency SItuatIons


• Inventory the number and types of umts currently aV31lable to local fire
departments


• Determme the CIrcumstances under whIch avaIlable equipment can be used
safely and ensure that all hmItatIons on use are clearly understood.


• Determme local capabIhnes for refI1hng of arr supply tanks


• Attempt to estImate the need for such umts under worst case condItIons
determmed dunng the hazard analysIs process


• If a shortage may develop, IdentIfy sources of addInonal eqUlpment and
refilhng capablhtIes that may be called upon m an emergency


DIscussion:


Fire departments will m most cases have a suffiCIent number of self-cont31ned
breatlnng supply units and refilhng systems to meet the mlnal needs of theIr own personnel
in chemical related emergencies There may be sItuatIons mvolvmg major dIscharges of
airborne contamInants, however, where an msufficlent number of urnts are readIly aV31lable
to meet the potentIal needs of pohce officers, ambulance personnel, splIl cont31nment and
cleanup personnel, pubhc authontIes and offiCials at the scene of the mCldent, and others who
may need to funcnon m an arefl that could be suddenly exposed to hazardous vapors, gases,
or aerosols in the event a contaIner f31ls or the wmd shIfts drrectlon It IS therefore Important
that this topic be given specIal attentlon dunng the overall emergency response planning
process.


The need for tr31nmg m the use of these devices is addressed m Item #TRl. Keep in
mind that it IS dIfficult or ImpOSSIble to wear a self-cont31ned breathmg urnt whlIe dnvmg or
nding in many types of vehicles ThIs should be gIven conslderanon dunng the plannmg
process.
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Expert gUIdance on selecnon and use of personal resptratory protecnve devIces can be
found m the NIOSH Guide to Industrial Respiratory Protection, aVaIlable from Publtcanons
DIssenunanon, DSDTI, Nanonal Insntute for Occupanonal Safety and Health, 4676
ColumbIa Parkway, Cmcmnatt, OhIO, 45226 (telephone 513-841-4287). AddInonal mfonna
non may be found in publicanons CIted m Item #PP2.
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ITEM#PP2


TOP1C: Availability ofSpecial Protective Clothing


When/Where Apphcable.


Planning Goal:


Actlon Items:


Any tune that rescue, leak pluggmg, splIl containment, or
other response actlv1tles may drrectly expose mdlv1duals to
sudden flIes or corroslVe, irntatlng, or tOXlC solids, hquids,
gases, vapors or fumes that may harm the indlv1dual V1a direct
contact W1th the slan or eyes.


To ensure the ready availab111ty of any special chemlcal or
thermal protective clothing that might be needed by response
forces, parncularly dunng the m1tial phases of a response
actlon.


• Use the results of the hazard analys1s to determine the spill scenarios and
related chemicals that may require local forces to enter h1ghly contaminated
and/or fire prone environments.


• Determme the types of protectlve clothing that may be required to permit
response workers to enter these environments.


• Determine wmch clothing materials are appropriate for the expected
exposures.


• Arrange for rapid avallability of appropriate protective clothing m the event
of an emergency.


DiSCUSSIOn:


The normal turnout clothmg of fire service personnel may be fully adequate to protect
these individuals in a wide vanety of frre and/or spill sltuations. But there may also be cases
where rescue teams or mdlviduals who desrre to enter the lIDmed1ate splll area for leak
plugging or spill contalnment purposes might be exposed to corrosive substances or toxic
substances that might be absorbed through the sIan Such sltuatlons may requrre more
complete protection of the body by clothmg that 1S res1stant to the damagmg effects of the
spilled substance. The clothmg 1tself may range from boots, gloves, or dlsposable suits made
of chemlcal resistant matenals to alI-tlght fully encapsulating "astronaut" suits that offer
complete protectlon of the body from spl1led substances on the ground or m h1gh
concentrations m the alI. Where frres may occur, appropnate thermal protectlon may be
additionally necessary.
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The ftrst actIon 1tem takes advantage of the mfonnatIon gathered during the hazard
analys1s process to 1dentIfy the hazardous substances and related splIl scenarlOS that may
requrre the avmlab1I1ty of specialized clothmg The second action item mmcates that
emergency planners should determme the types of special1zed clothmg that may be necessary
(1 e., gloves, boots, aprons, face shields, splash SU1tS, astronaut-type SU1tS, etc), whlIe the
thrrd notes it 1S necessary to ensure that the matenals from which the clothmg is constructed
will not be penetrated by the splIled substance Fmally, the last 1tem suggests that a
mechanism be estabhshed to ensure that the necessary clothing is read1ly avmlable when
needed


Several gu1des to the selectIon of protectIve clothmg for spill response are.


• Guidelines for the Selection of Chemical Protective Clothing, sponsored
by the EPA and avallable from the ACGrn PubhcatIons SectIon, 6500
Glenway Avenue, Bldg. D-7, CmcinnatI, Omo 45211, or (513) 661-7881.


• Occupational Safety and Health Guidance Manual for Hazardous Waste
Site Activities, preparedjomtly by NIOSH, USCG, and EPA and avmlable
as DHHS (NIOSH) PubhcatIon No 85-115 from the U.S Government
PrintIng Offtce


• Personal Protective Equipment for Hazardous Material Incidents: A
Selection Guide, NatIonal InstItute for OccupatIonal Safety and Health,
DHHS (NIOSH) PubhcatIon No. 84-114, avallable as document PB
85-222-230 from the NatIonal Techmcal InfonnatIon SeTVlce, Spnngfteld,
VA 22161.


Note that it may not be cost effectIve for every commumty to purchase every posslble
type of protectIve clothmg that may become necessary There are advantages to cooperatIve
agreements on a county or regional basls (with mdustry or government mstItutIons) that
permlt mmVldual commumtIes or finns to draw upon a central stockpl1e. There are also
advantages to giVlng cons1deratIon to the hkehhood that an accident requmng certain
clothmg will actually take place m the foreseeable future. It does not necessarlly make sense
to purchase somethmg Wlth a shelf-life of 5-10 years at mgh cost If probablhty analysls
procedures have mmcated a potentIal need once every 200 years or so on average.
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ITEM#PP3


Topic: Decontamination of Exposed Protective Clothing and Other Response Equip
ment.


WhenlWhere Apphcable:


Planning Goal:


Action Items:


Wherever a spill sltuatton may contaminate the protecttve
clothmg of response personnel or other Items of equipment.


To ensure that response personnel are not contaminated With
corrosive or tOXlC matenals while removing protective clothmg
worn m a contaminated envlfonment; slmllarly, to prevent
mJury of people later usmg Items of contaminated eqUlpment


• Estabhsh decontammation procedures for clothmg and equipment m the
emergency response plan.


• Assign responslblhty for clothmg and equipment decontamlnatton to a
quabfied mdIVldual.


Discussion:


Clothing and eqUlpment used m a contaminated enVlfonment may Itself become
contaminated. Clothing must be decontaminated before It can be safely removed by Its
wearer. Contaminated equipment may need careful decontamlnatton before bemg safe to
touch or use in the aftermath of an mCldent.


In many instances, it will be suffiCient to merely wash the clothmg or equipment down
with strong water sprays or large amounts of water Several manufacturers market decon
tamination showers for wearers of protecttve clothmg, these conslsttng of a framework of
water plpmg Wlth numerous water spray nozzles surrounding an open space the size of a
shower stall. F1Ie hoses and pOSSibly even garden hoses can be used to wash down most
equipment as well.


There are two potenttal comphcatlons to be conSidered Frrst of all, It must be realized
that the water and/or other soluttons used to decontammate the clothmg or eqUlpment may
contaln some amount of the contammant It must be deCided on a case-by-case baSIS whether
this water should be contamed, collected, treated, and/or sent to an appropnate wastewater
disposal facility, or whether It can Simply be released to the enVlfonment. Secondly, It must
be reahzed that not all contaminants may be completely washed off by water alone Fmal
decontamination may reqU1Ie the careful use of vanous solvents or cleamng compounds
These may range from ordmary soap to speCialized chemlcals deSigned to neutralize
remaining residues


14-50







ITEM#PRI


TOPIC: Public Relations in Emergency Situations


When/Where ApplIcable


Planning Goal


Action Items.


Any locale subject to a sIgnIficant hazardous matenal mCIdent.


Preparations for keepmg the publIc mfonned of continumg
developments Via newspaper and broadcast media whIle
mImmIzmg rumors, conflIcting reports, confusIOn, and unnec
essary mterference With the actiVities of key response person
nel -- and whIle also coordinating media relation efforts WIth
those of other agencIes or parnes to the response


• DeSIgnate one specIfic mdIVIdual and an alternate press officer to Jom the
team of press officers that may be fonned from representatives of all major
parnes to an emergency response operation (be they from local, state or
federal government agencIes, or the company responsIble for the aCCIdent).


• CompIle a lIst of telephone numbers of local radio and televIsIon station
personnel who can ImtIate speCIal "on arr" announcements


• PrOVide deSIgnated press officers WIth secretanal support, photocopy
machInes, and a means of commUnIcatIons WIth the overall commander of
the response operation


• Select a SIte, preferably but not necessanly near the central emergency
operations center, where the press can convene and be bnefed by the press
officer team ThIS SIte should Ideally have telephones, electncal outlets,
restrooms, and other faCIlItIes that media personnel may requITe


• EstablIsh a frrm polIcy among all local offiCIalS and response personnel as
to who should or should not speak to media personnel


• Ensure that key emergency response personnel understand the need to relay
up-to-date "status reports" to press officers on a regular baSIS


DIscussIOn


The pubhc needs to be mfonned accurately and rapIdly as to what IS happemng dunng
an emergency SItuation SIgnIficant mCIdents may result m a large number of reporters
amvmg on scene and attempting to mterview anybody and everybody The above actIOn
Items WIll help to reduce confUSIOn, facilitate mfonnatIon transfer, reduce problems that
mIght be otherwIse caused by a lack of organIzatiOn, and reduce the mCIdence of unfounded
rumors
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The book by A.J. Snnth, Jr., referenced at the begmmng of this chapter, has an
excellent sectlon addressed to pubhc officials on the subject of dealmg With the medIa which
discusses many "do's" and "don'ts" These mostly pertam to the actlons of press officers for
government agencies, and mclude:


THINGS TO DO


1. Accommodate the medIa as much as possible, make the news aVailable to
them.


2. Schedule news conferences and aVOId wntten releases.


3. Be dIrect and specific.


4. Always, always tell the truth, don't hedge.


5. Hold pubhc heanngs at least tWice dunng a week-long event and Invite the
press.


6. Have news conferences ImmedIately after any meetmg from whIch the
medIa or pubhc have been barred.


7. Send a press representattve to the command post


8. Ensure that the team of press officers IS In contact With the command post
at all tImes.


9. If safety penmts, allow the medIa to take pictures of the aCCident site


THINGS NOT TO DO


1. Do not penmt arguments among pubhc offiCials or press officers from
dIfferent organlzatlons m front of the press. Do, however, penmt statements
of dlssentlng opinions


2. Avoid giVIng gut opinIOns or conJectunng


3. Do not be evasive If the answer to a questlon IS not known, refer the
questlon to someone who has the appropnate answer


4. Do not be cnttcal in a personal manner; Ie, aVOid personal remarks about
other people at the aCCident scene.


5. Do not be phl1osophlcal These kinds of dlscusslOns are extremely suscep
tlble to being quoted out of context
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6. Do not make off-the-record comments. They may end up m prmt With later
retractI.ons buned m the back pages.


7. Avotd fnendly chats Wlth medta people. Casual comments may appear in
prmt


8. Avotd bad or foul language.


9. Do not htde from the medta. They can sense this and form an unfavorable
opinion of the press officer(s) as a credIble source of news.


10. Do not answer questions beyond personal knowledge or expertIse.


11. Do not permit media persons to attend emergency response team meenngs.
These are hkely to be technical meetings with lively diSCUSSions that may
last forever if people are performmg rather than dealmg with the problem at
hand.


Reasons for planning for and controlling statements made during a severe emergency
go beyond a simple desire to ensure orderly and accurate disseminanon of information. One
of the groups showing up more frequently at hazardous matenals accidents are lawyers
representing a wide variety of interests. It should be remembered that good lawyers will
remember everything they see and hear. A thoughtless comment or statement can surface
months later in a courtroom. Placements of blame, cnticisms of response actions, ainng of
dirty laundry in public, and similar statements can result in lengthy and messy legal battles
over comments or charges made in the heat of a very hectic moment.
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ITEM #SCI


Topic: Plugging/Stopping ofLeaks


WhenlWhere Applicable:


Planning Goal:


Action Items:


Any locale m which an mdustnal or transportation accident
may result m a leak or puncture of a tank, plpehne, or other
contamer.


To ensure the JunsdIctlon of concern has at least a basIc
capabIlity of plugging or stoppmg leaks m tanks, plpehnes, or
other contamers.


• Assign responsibility to one or more mdIvlduals for Identifying methods of
p1uggmg or stoppmg leaks, assembhng the matenals and supplies necessary
for this task, and trammg for theIr use under emergency condItions.


• AlternatIvely, Identify and arrange for the rapid proVIsIOn of the above
services on an emergency baSIS by an expenenced and qualified pnvate
contractor.


Discussion:


Small leaks left unattended for extended penods of time can cause large losses of
chemicals to the environment and much more severe effects than would occur If the leak was
somehow completely or partIally plugged on a prompt baSIS or some other means were
employed to reduce outflow of the hazardous matenal. There are great benefits, therefore, m
having access to one or more mdIvlduals With the baSIC tools and knowledge needed to 11Imt
losses from punctured or leakIng tanks or plpelmes


The most Widely avaIlable means for pluggmg holes or leaks m equipment mvolves use
of conical, cylindncal, square or wedge shaped pieces of wood, rubber or metal sheets,
inflatable pipe plugs, pneumatic leak sealmg "bandages", special patchmg compounds,
clamps of vanous types, and a number of other Items. The plugs alone, If aVaIlable m a
variety of Sizes, can be Jammed mto holes and greatly reduce the open area from which the
contents of the tank or plpehne can escape; assumIng, of course, that It IS safe for mdlvlduals
to approach the leak area The book by J R. Cashman hsted at the begmnmg of thiS chapter
is especially enhghtemng on this tOpiC. Several vendors market special leak pluggmg and
patching lats. Innovative response personnel may be able to fashion theIr own devices.


Where a tank vehicle IS losmg hquld cargo, It may be worthwhde to have the means
available to tum the body of the vehicle over such that the pomt of leakage nses This wdl
lessen the total amount of cargo than can escape before the hqUld level m the tank drops
below the height of the hole Be adVIsed, however, that thiS may reqUIre special eqUipment,
tramed personnel, and expert supervISion for a safe outcome.
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Various types of transportatIon contaIners have lnternal emergency shutoff valves that
can reduce or stop outflow from external valves that have been damaged In an accident.
Knowledge of the standard placement and use of these valves can be lnvaluable, most
partIcularly for highway tank vehicles.


Many lncidents are brought to a rapid end simply by having the proper common tools
aVaIlable to close a valve or tIghten some bolts
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lTEM#SC2


Topic: Suppression ofHllZIlrdous Gas or Vapor Releases


When/Where Applicable:


Planning Goal:


Action Items:


Any locale where large quanttttes of toxic or flammable vapors
may be released to the atmosphere.


To ensure readIness to take rapId measures to reduce the rate
or amount of hazardous vapors or gases that enter the
atmosphere m an accIdent.


• Use hazard analysis results to identify all major potential sources of
hazardous gas or vapor releases IDto the atmosphere


• Identify the specific hazardous matenals that may be dIscharged (to the
extent possIble).


• Select appropnate vapor or gas hazard mittgatton measures for each
significant threat.


• Plan for rapId aval1ability of quahfied manpower, specIal eqUlpment,
materials, or supphes necessary to mlttgate gas or vapor hazards.


Discussion:


Gases or vapors may enter the atmosphere dIrectly from broken, ruptured, or punctured
containers, or alternatively, from evaporanng or bollmg pools of hqUld that have been
discharged to the enVIronment. There are several response measures beyond pluggmg or
stopping the leak: source (discussed elsewhere) that may be used to reduce the rate or amount
ofairborne contaminatIon. These mclude:


• PhYSICal restrictton of hqUld pool surface areas,


• Use offirefighnng or SpecIalIzed hazardous matenal foams on hqUld pools,


• Dilution or coverage of hqUld pools WIth water (or other compattble and
safe liqUlds),


• Use of water sprays or fogs,


• Neutrallzatton of spIlled hqUlds,


• Cooling of spl1led hqUlds or vennng tanks, and


• Intentionallgmtton.
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Chapter 3 of thIS guIde reported and explamed the observation that the total rate of
vapor or gas evolution from a pool of hqUId IS directly related to the surface area of the pool
Thus, there are benefits to phYSICal restrIction of exposed pool surface areas. ThIS can be
accomphshed by rapId contaInment of mschargmg hqUIds by bUIlmng dIkes or other bamers
to flow or mggmg of trenches or sumps. The goal should be to keep the top surface area of
the pool as small as possIble


Once the pool has been contamed, other methods may be used to reduce the area
exposed to the atmosphere The most common response IS to cover the surface of the hqUId
WIth a compatzble foam, smce a thIck foam blanket may m many cases greatly reduce gas or
vapor evolution, even from pools of qUIescent hquefied gases. Note, however, that the
apphcatIon of a warm foam to the surface of a cold pool of hqUld may result m even greater
gas or vapor evolution for an mitIal penod of time


When the spIlled hqUId has a normal boIlmg pomt above ambIent enVIronmental
temperature, IS completely or partIally soluble m water, and IS not dangerously reactive WIth
water, ItS vapor pressure and therefore Its evaporation rate can be reduced by mlutIng the
hqUId WIth large amounts of water Reductions in the evaporation rate wIll then result m a
smaller downWind hazard zone.


The same techmque can also be used for soluble hqUIds WIth normal boIlmg pomts
below the ambIent temperature and hqUIds that generate heat upon contact With water
However, smce the mtroductIon of water to such a pool may actually mcrease gas or vapor
generation whIle water IS bemg mtroduced, thIS action should only be undertaken With great
caution It IS best for use when the publIc has been cleared from vulnerable downwmd areas
and there IS a deSIre to reduce the time duration over whIch the pool would otherwIse pose a
downwmd hazard.


There are some lIqUId hazardous matenals that are msoluble, heaVier than, and
non-reactive WIth water Once contamed, vapor evolution from these lIqUIds can be reduced
or elImmated by carefully covenng the lIqUId pool surface With a layer of water that wIll float
on the contamed hqUId OccasIOnally, the same pnnciple can be apphed usmg a compatible
and safe lIqUId other than water


Many spIll response guIdes suggest the use of water sprays or fogs (from fIre hoses and
nozzles) to knockdown, absorb, or msperse hazardous vapors m arr If the spIlled lIqUId IS
dangerously reactIve With water, plan to apply the fog or spray at a pomt suffiCIently
downwmd of the spIll pomt so that water WIll not contact the pool If there are hazardous
lIqUId fumes or aerosols m arr, or the gas or vapor IS soluble m water, give some
consIderation to the need to contam the possIbly contammated water runoff for later
collection and d1sposal Fmally, realIze that the applIcation of water fog or spray to
flammable vapors or gases wIll not necessanly elImmate theIr fIre hazard


Several hazardous matenals, as d1scussed in Chapter 7 of thIS gUIde, can be neutralzzed
Via a chemIcal reactIOn to one or more substances that pose lesser threats to pubhc health or
the enVIronment Where thIS response may be appropnate for a partIcular hazardous
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material, the response plan should Identtfy sources of necessary neutrallzatton agents and the
means to apply them to spIlled substances. SolId neutrallzatton agents may possIbly be
"applIed" WIth snow blowers or seed spreadtng eqUIpment. LIqUIds may be applIed WIth
spraying equipment. In all cases, pay attentton to the fact that the neutrahzatton agent may
itself be hazardous in some fashIon and that the reactton may potenttally produce heat or be
violent If improperly controlled. Seek expert advice and assIstance where necessary


Smce the evaporatton or boIlmg rate of a lIqUId IS a functton of ItS vapor pressure, and
since the vapor pressure IS a functton of temperature, there may be sItuattons m WhICh the gas
or vapor hazard can be reduced by coohng spIlled lIqUIds or the contaIners from WhICh gases
are venting Thts mtght be accomplIshed usmg large quanttttes of Ice or dry Ice Where
available and where the means eXIst for safe use, lIqUId mtrogen may also be conSIdered, as
may supplIes of carbon dtoXIde. Consult qualIfied experts for adVIce to determtne If thIS IS a
VIable and safe option to conSIder for response purposes


The last measure to be dtscussed IS not one that IS often suggested m spill response
guides because ItS applIcatton can often cause addtttonal complIcattons and hazards m
densely populated or industnallzed areas Nevertheless, where a highly tOXIC gas or vapor IS
bemg released to the atmosphere, the resulttng gas or vapor cloud or plume can cause (or IS
causmg) WIdespread deaths and/or senous mJunes, and the gas or vapor IS flammable or
capable of bemg IgnIted, give careful conSIderation to the pOSSibilIty of mtentlonallgmtton of
escapmg hazardous matenals, pOSSibly from a dtstance usmg a flare gun or other means of
ignition. This actton can greatly reduce the tOXlC hazard of the escapmg gas or vapor m
many cases. However, dependtng on the CIrCumstances and surroundtngs of the dtscharge,
mtentionalIgnItton can also result m flame Jets, tank BLEVEs, fIreballs, vapor or gas cloud
fires or explOSions, or pool fIres that may themselves cause severe problems Thus, thIS must
be considered a "last dttch" response not to be undertaken Without due conSideration of ItS
implicattons and ramtficatlons.
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ITEM#SC3


TOpIC' Containment ofSpills ofLiquids or Solids on Land


When/Where Apphcable:


Planmng Goal.


Action Items.


Any locale where large quantities of lIqUId or solId hazardous
matenals may spill on land m an area Without secondary
contamment systems


To ensure that eqUIpment, matenals, and supplIes are avaIlable I


to contam spills of hazardous hqUIds or solIds on land


• Where necessary, arrange for rapId avaIlabIlIty of bulldozers or other
earthmovmg eqUIpment capable of buIldIng dIkes or dIggmg trenches


• Where necessary, arrange for rapId availabIlIty of properly eqUIpped work
crews With shovels or other eqUipment to build dikes or dIg trenches.


• Where necessary, arrange for rapId avaIlabIlIty of plastic sheetmg or other
compatible matenals that can be used to cover spilled solIds (to prevent
agitation by the wmd or wetung) or to hne dIkes, basms, or trenches used to
collect lIqUIds


• Where necessary, plan for rapId seahng of drams and sewer opemngs to
prevent entry of hazardous materials.


• Where necessary, plan for the rapId pluggmg of sections of storm drams to
llmlt the spreadtng of hazardous matenals that have entered a drainage
system (Note. Plan for rapid access to a map showmg the layout of local
systems. See the last paragraph of the dISCUSSIOn section.)


DISCUSSIon:


One of the frrst steps m spIll response when a lIqUId or solId has been dIscharged onto a
land surface IS to attempt to contam the spilled matenal and to prevent the further spread of
contammation Although speCIalIzed eqUIpment has been developed to construct dIkes of
foamed concrete or plastic matenals, the most Widely available and generally adequate
substances to use are earth, sand, clay, and plastic or rubber sheeung.


Dikes or bamers of earth, sand, or clay matenals can be qUIckly constructed With .
bulldozers, SImIlar eqUIpment, or properly eqUIpped mdIviduals With shovels Note, howev
er, that motonzed eqUIpment should not be used mdIscrlmmately m the vIcmIty of flammable
or explOSIve vapors or gases Note also that response personnel may reqUIre SpeCIal
protective clothmg and breathmg apparatus to approach a spIll.
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PlastIc or rubber sheetmg can be used to cover spIlled sohds This can prevent the
wind from causmg toXiC dusts to become arrborne and also protect the bulk of the sohd from
becommg wet from ram or hose streams used m the area, thus reducmg the extent or
possiblhty of soIl, groundwater, or surface water contammatIon by the spilled substance.
Such sheetmg can also be useful for hnmg dtkes, basms, and trenches for simIlar purposes
where hquids are to be contamed. Fmally, sheetIng matenals, together with stones or bncks
and soIl, sand or clay, can be used to cover storm dram openmgs m a pmch


When hazardous matenals have already entered a storm dram system, there are benefits
to attemptIng to Imnt or contam the flow of the matenal by dammmg at strategic locatIons
Since storm dramage systems typically flow mto bodtes of surface water, contamment mtght
prevent slgmficant water pollutIon and faclhtate later cleanup However, note that at least
one authonty suggests that volatIle chemtcals should never be trapped m a closed conduit
such as a storm dram, probably due to the posslblhty that explosive vapors may accumulate
and encounter a source of IgmtIon. Thus, Judgments on dammmg must be made on a
case-by-case basis, With special attentIon bemg given to cases m which contamtnants may
enter a water treatment plant
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ITEM#SC4


TOPIC: Cleanup ofSpills ofLiquids or Solids on Land


When/Where Apphcable:


Planning Goal:


Acnon Items:


Any locale where large quannnes of hqUId or sohd hazardous
materials may spill on land.


To ensure that equIpment, matenals, and supphes are avatlable
to recover spills of hazardous liquIds or sohds on land.


• Where necessary, arrange for rapId avatlabthty of pumps, hoses, and
temporary storage contamers (or alternanvely, vacuum trucks) to recover
pools or other accumulanons of hazardous hqUIds.


• Where necessary, arrange for rapid availability of properly eqUIpped work
crews WIth appropnate equipment.


• Where necessary, arrange for rapId availability of drums or other contaIners
to hold contaminated sohds, soil, or leaking packages.


• Where necessary, arrange for rapId availability of absorbent materials.


• Where necessary, arrange for rapid avatlablhty of front-end loaders and
other earthmovmg eqUIpment, mcludIng dump trucks.


DIscussion:


Once a sptlled substance has been contamed, the next step IS to remove It from the
enVIronment. The effort IS often undertaken by the partIes responsIble for the spIll or
dIscharge or a spIll cleanup contractor It may htre, but local, county, and state governments
should have a capabIhty to respond when the responsIble party IS unknown or IS unprepared
or unwtllmg to take acnon and CIrCumstances do not permIt WaIttng for federal Intervennon
under CERCLA, SARA, or the Clean Water Act. The planmng effort should Involve. 1) a
reVIew of federal connngency plans prepared by regIOnal EPA and or U.S. Coast Guard
Offices as well as the state agency pnmanly concerned WIth enVIronmental protecnon to
learn how these agenCIes plan to respond when needed; 2) a decISIon as to whether spills wtll
be cleaned Up by local government personnel or by speCIalIzed cleanup contractors hIred by
pubhc authonties; and 3) arrangements for rapId aVaIlabIhty of necessary servtces, eqUIp
ment, and supphes.


The methods usually apphed for "gross" cleanup of contaminated ground surfaces are
rather straIghtforward They Involve


1) Use of companble pumps, hoses, and tanks, drums, or vacuum trucks to
collect pools of accumulated hquids;
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2) Use of soIl, sand, clay, straw, sawdust, fly ash, cement powder, perhte,
vermicuhte, or commercIally avaIlable mmeral or plastic sorbent matenals
to absorb and mop up hqUld resIdues, and


3) Removal of contammated surface layers (where clean10g 10 place IS not
practical) by shovels or mechanical means


In all cases, of course, supphes and eqUlpment used must be compatible WIth the
hazardous matenal spilled, workers must be protected from tOXIC exposures, and speCIal care
must be taken 10 the presence of potentially flammable or explOSIve atmospheres.


Other current cleanup techmques 10clude steam-clean1Og or detergent wash10g of sohd
surfaces where hydrocarbons or simllar matenals have spIlled, burmng of flammable or
combustible matenals 10 place where It IS safe to do so and permItted by regulatory
authonttes, and apphcatIon of speCIal mutant bactenal cultures to contamInated soIls and
hquids to "digest" contamInants over a penod of tIme.
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ITEM#SCS


TOpIC' Containment ofSpills into Water Bodies


When/Where Apphcable:


Plannmg Goal:


ActIon Items'


Any locale where sIgmficant quantItIes of hazardous matenals
may spIll mto a body of surface water


To ensure that eqUIpment, matenals, and supphes are aVaIlable
to contaIn spIlls of hazardous hqUIds or sohds mto bodIes of
water.


•


•


•


DISCUSSIon


Use hazard analySIS results to determIne the specIfic matenals that may be
spIlled mto a body of water (to the extent possIble).


Where necessary, arrange for rapId aVaIlabIlIty of waterborne spIll contaIn
ment eqUlpment and supphes.


Where necessary, arrange for rapId aVaIlabIhty of earth mOVIng eqUIpment,
boats, spill contaInment booms, sorbent matenals, sand bags, and other
potentIally necessary Items


The selection of a water-spIll contaInment method for any gIven substance mostly
depends upon how the substance wIll behave when spIlled mto water The potentIal behaVIor
of such spIlls was dIscussed m Chapter 3 of thIs guIde


SpIlls of hghter-than-water and mostly msoluble matenals are best handled WIth spIll
contaInment eqUlpment and methods These mclude use of commerCIal or home-made 011
spIll booms, chemIcal spIll herders, or use of hose streams or small-boat propeller washes to
control the spread of the substance on water In addItIon, where small nvers or streams are
affected, underflow dams may be constructed, these bemg dams with open pIpes well below
the surface of the water such that water passes through the dam but floatIng matenals are
trapped all spIll response gUIdes WIll address these and other potentIal contalnment
methods m more detaIl Due to the speCIalIzed nature of the eqUIpment and matenals
necessary, most JunsdIcuons are probably best adVIsed to fmd a local 011 spIll contaInment
and cleanup contractor wIllmg to respond on an emergency baSIS for these types of spIlls


SpIlls of heavIer-than-water and mostly msoluble substances wIll smk to the bottom of
a water body Although It IS not always effectIve or pOSSIble, conSIder takmg advantage of
natural deep-water pockets, usmg sand bags, or buIldIng low underwater dams or dIkes to
trap the hqUld on the bottom and prevent further downstream contamInation
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Substances that are parna1ly or completely soluble m water are the most dIfficult to
contain. At best, if the body of water IS of a manageable SIze, an attempt can be made to dIke
the upper and lower bounds of the body of water and to dIvert mcommg flows of clean water
around the contammated area usmg earthmovmg eqUIpment ThIS IS eaSIer saId than done m
many cases but has been successfully attempted at times.
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ITEM#SC6


Topic' Cleanup ofSpills into Water Bodies


When/Where Apphcable:..
Planmng Goal'


Acnon Items


Any locale where significant quannnes of hazardous matenals
may spl1l mto a body of surface water.


To ensure that eqUlpment, matenals, and supphes are avmlable
to remove or mlngate contammants m bodles of water.


• Where necessary, arrange for rapid availabl1lty of 011 spl1l cleanup
eqUlpment and services


• As and If necessary, arrange for rapid avallabl1lty of chemlcal spl1l
treatment and cleanup selVlces.


DISCUSSion.


A vanety of methods and equipment have evolved over the years for treanng or
removmg spl1ls of O1l-hke substances m water. These mclude use of 011 sk1ffimlng
eqUipment, sorbents, burnmg agents, smlang agents, and dispersants. The planmng effort for
such matenals should mvolve a review of federal connngency plans prepared by regional
EPA and/or U S. Coast Guard offices, as well as the state agency pnmanly concerned WIth
envIronmental protecnon, to learn how these agencies plan to respond to major 011 spl1ls
GlVen the special eqUlpment, matenals, and trammg needed for the effort, It IS probably best
recommended that arrangements then be made With a local 011 sPl1l cleanup contractor for
emergency response (Note' There are also advantages to be reahzed by coordInanng and
mtegranng thIs effort With state and federal plans Indeed, many JunsdIcnons may find that
state and/or federal plans fully cover them for thiS type of spill and that no specialized
planmng IS necessary. Others may discover local 011 spl1l cooperanves or other mdustry
groups wl1hng to lend assistance even 1f a member company is not responsible for the
mCldent)


The sltuanon gets a bit more comphcated where spills of water-soluble matenals or
heavler-than-water msoluble materials are pOSSible, smce the equipment and methods
necessary to remove or treat contamlnants m the water are even more specialized and
sophlsncated. Agam, It IS best to start the process With a review of state and federal
connngency plans and to mtegrate and coordinate planmng efforts for these types of
matenals Note, however, that any potennal contractors Idennfied should have expenence
With carbon adsorpnon, chemlcal neutrallzanon, and other water treatment technolOgies.
These highly speclahzed contractors are not as easy to find as 011 spl1l cleanup companies
that occaSIOnally handle chemlcal spills, and mdeed, may not be found at all Wlthm the
borders of some states
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ITEM#SC7


Topic: Support Servicesjor Field Response Forces


When/Where Apphcable:


Planning Goal:


Action Items:


Any locale that may experience a hazardous matenal sp111 or
dIscharge requmng a prolonged response action In the field ..


To provide food, rest areas, and other equipment and supphes
necessary to sustain field response forces.


• Where necessary, arrange for canteen servIces, accommodations, electncal
power, hghtlng, heating, portable tol1ets, washing facl1lt1es, and other
supphes and servIces needed to suStain workers at a sp111 site


Discussion:


Several situations can be envIsioned In whIch response personnel In the field may be
required or needed at the site of an aCCident for more than a day These personnel will
reqUIre rest areas and food to be able to contlnue to function, particularly If they are In a
remote area or a region that has otherwIse been evacuated Sources of assistance for
plannmg In thIs area Include the Amencan Red Cross, the Salvation Army, and the National
Guard or Army Reserve. The latter orgarnzatlons In particular mIght be able to prOVIde tents,
cots, fans or heaters, hghts, and expertise In layout and management of staging or rest areas


Although the above indIViduals and thea command personnel must be given pnonty, It
may also be prudent to conSider how to assist medIa personnel and government offiCials from
outside the jurisdIction In :finding appropnate lodgmg At one protracted inCident In Flonda
some years ago, 223 representatives of dIfferent federal, state and local agencies were present
-- all of them watchIng a crew of 21 people cleaning up the scene. Add to these medIa,
industry, and other personnel Involved In the overall emergency response, and It IS easy to
see that the total number of "strangers" that may be on scene can be substantial


The OSHA regulations involVIng a Site safety and health plan (see Item #CC4) contain
numerous reqUIrements pertainIng to support of field personnel and should be referred to for
further guidance. Be especially aware of the need to ensure that estabhshed hYgiene
practices preclude the posslblhty of ingestion of contamInated food and refreshments
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ITEM#SC8


TOPIC: Mainte1Ulnce ofApparatus and Equipment


When/Where Apphcable:


Plannmg Goal:


ActIon Items:


Any locale that may expenence a hazardous matenal spIll or
dIscharge requmng a prolonged response actIon m the field.


To proVIde fuel, engtne flUIds, and mamtenance servIces to
Support the on-scene operatIon of apparatus and equIpment
operatIng in hazardous enVIronments.


• Use of the results of the hazard analysIs to identIfy SItuations where
apparatus and equIpment operatIng m contammated areas may reqUIre
refueling and mmor maintenance to keep them operating


• Estabhsh arrangements for obtammg fuel, engtne fluIds, and other mamte
nance Items (e.g, belts, filters, etc.) to support contInuous operation of VItal
apparatus and equIpment


• Estabhsh procedures for prOVIdIng refuehng and mamtenance serVIces to
on-scene apparatus and equIpment operatIng m potentIally contammated
areas


DISCUSSIon:


Durmg long-duratIon mCIdents, apparatus (e.g., :fIre department units, backhoes, etc)
and equIpment (e g, generators, pumps, etc.) may reqUIre on-scene refuelmg and mtnor
maintenance to enable umnterrupted operatIon On-scene serVIces of thIS nature are
beneficIal m that they ehmtnate the need to remove deployed apparatus and eqUIpment from
the mcident scene By refuelmg m-place, operatIons can contInue umnterrupted and the need
to replace chemtcally exposed eqUIpment Wlth uncontamInated items IS ehmtnated, thus,
reducmg the number of umts potentIally requinng decontaminatIon. Note that operatIons
must be conducted safely and m such a manner that WIll prevent the spread of contamtnants
from response vehicles and eqUIpment to maIntenance vehIcles and refuelmg tanks
Furthermore, It may be necessary for maintenance personnel to wear appropnate body and
respIratory protectIve gear when operatIng m hazardous enVIronments Also note that
provIsIon of refuelmg and maintenance servIces may not be prudent m particularly hazardous
locatIons For example, :fIre department apparatus pOSItIOned near a :fIre should not be
refueled where IgmtIon of fuel vapors IS possIble One step that may possIbly ehmtnate the
need to refuel apparatus and eqUIpment is to fill fuel tanks to capacIty pnor to deployment.
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ITEM#SDI


Topic: Documentation ofResponse Activities and Costs


When/Where Apphcable:


Plannmg Goal:


Acnon Items:


Any locale that may fmd It necessary to undertake a major
response actton due to a spIll or dIscharge of hazardous
matenal.


To ensure that a careful record IS mamtamed of what happened
and what was done m response.


• ASSIgn responsIbIhty for realttme and post-mcIdent documentatton of the
accident and resulung response acttons


• Create or adopt appropnate repornng forms and procedures.


• Arrange to collect the records from vanous sources m a central and safe
locatton.


Discussion'


DetaIled records of what happened and what acttons were taken m response can help
in:


• Attempttng to recover response costs and damages from the party responsI
ble for the mCIdent.


• Setttng the record straIght where there are charges of neghgence or
nusmanagement resulnng from the mCIdent


• ReVlewmg the effiCIency and effecttveness of response acttons.


• Preparing for future mCIdent responses


• Venfymg facts, acnons, mJunes, eqUIpment used, etc for the purpose of
legal proceedIngs, msurance claIms, budget requests, and pubhc mqumes


In addItion to written documentatton of an mCIdent, It IS good practtce to draw
diagrams or sketches of contaIners, vehIcles, structures, streets, contaInment techmques
employed, locations of deployment, etc. Photographs and VIdeotapes should also be kept on
fIle for reference purposes.


14-68


I I







ITEM#SMI


Topic: Monitoring ofAtmospheric Conditions


When/Where Apphcable:


Plannmg Goal:


Action Items.


Any locale With a reasonable potential to expenence a major
release of hazardous vapors or gases into the enVIronment


To ensure that command personnel have contlnuous access to
current data, predictions, and expert advice regarding weather
and atmosphenc condltlons.


• Identify sources of weather data and predictions In the ltnmedIate area


• Arrange for continuous updates of weather mfonnatlon dunng incidents
lnvolvmg major dlscharges of hazardous vapors or gases into the enVIron
ment


DISCUSSion.


As dlscusslOns m Chapter 3 and 12 of thiS guide have shown, atmospheric stability
condltlons, wmd velOCIties, and wind d1rectlons have a dIrect lmpact on the boundanes of
downwmd areas threatened by a plume or cloud of hazardous vapor or gas. Changes In these
conditions over ttme, particularly In the case of prolonged dlscharges, can require changes in
the boundanes of hazard zones Consequently, traclang of cloud or plume movements can be
greatly facdltated by dIrect access to a weather station manned by tramed meteorolOgists.
Ltkely locations mclude major radio and teleVISion stations, major arrports, and offices of the
National Weather Service, a part of the U.S. Department of Commerce.


Other atmosphenc condltlons of pOSSible lnterest mvolve temperature, precipitation,
and hunndlty forecasts Temperatures can affect the phySical state, vapor pressure, and other
propertles of hazardous matenals, as explmned m Chapter 2, and also Impacts on the length
of time a person can safely function mSlde a fully encapsulating protective SUlt. Precipitation
can lmpact dlsperslon of mrbome contamlnants, lead to runoff of contamlnants in water,
cause ddutlon of spilled chenncals, and/or assist fire control efforts. Moisture In the
atmosphere may cause either adverse or benefiCial chenncal reactions lnvolvmg spdled or
dlscharged matenals.
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ITEM:#SM2


Topic: Monitoring ofContaminant Concentrations


When/Where Applicable:


Planning Goal:


Action Items:


Any locale where the arr, water, or land may be contannnated
by toXIC matenals.


To ensure rapid avallablhty of the personnel and eqUlpment
needed to sample, analyze, or otherwise momtor pollutant
concentrations m air, water, or solI.


• Contact the nearest EPA regional office and the state agency Wlth pnmary
responsibility for envlIonmental protection to assess thelI capabilities for
determining and momtonng pollutants m the enVlIonment dunng a slgmfi
cant splll or discharge mCldent


• If these agencies cannot respond promptly m all cases or do not have a full
range of capabilities, parucularly for arr samphng and analysIs under
emergency conditions, Identify and arrange for the services of umverslty
laboratories or commercial irrms that have the necessary resources and
personnel and who are W1llmg and prepared to respond


DiSCUSSion:


Determination of the concentrations of arrbome contannnants at vanous pomts
downwmd of a spill site can greatly help in determmmg the actual boundanes of hazard
zones and in deciding when reentry of these zones IS feaSible and safe. Similarly,
measurements of water or solI contammation can help determlne the exact level of
contamination of these resources.


In order to assess the potential for adverse health Impacts (which may not become
immediately apparent), it is often Wlse to plan for momtonng of contammant exposures
experienced by response personnel and the general pubhc as best pOSSible under emergency
conditions.


Where potential eXISts for contamlnation of food and/or water supphes, responslblhty
must be assigned for detection of such contannnation via use of the resources Identified
during this planning activity and for prevention of the consumption of known or potentially
contammated food or water by people or animals.
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ITEM #SRI


TOpIC: Provision ofAltertUlte Water Supplies


When/Where Apphcable.


Planmng Goal:


Action Items:


Any locale Wlth a water supply vulnerable to contamlnatton by
hazardous matenals


To ensure rapId aval1ablhty of potable water for affected
populattons.


• Identify local sources of potable water supphes


• DetermIne 1f there IS potential for contammation of these supplies In the
event of a hazardous matenal accIdent


• If there IS potential, Identify alternate sources of clean water and plan for ItS
d1stnbution to resIdents


DIScussIon


There are a number of circumstances under WhICh a potable water supply may become
unfit for human consumption for a time and requITe replacement ThIS IS most commonly
accomphshed by bnngmg In supplies of bottled water and/or tank tral1ers capable of carryIng
water The latter may be avallable from local Nattonal Guard umts. Tank trucks that carry
ml1k are another posslbl1lty for consideration once thoroughly cleaned.


14-71







ITEM#SR2


TOPIC: Cleanup ofDead or Contaminated Livestock or Wildlife


When/Where Applicable:


Planning Goal:


Action Items:


Any locale where the chscharge of a tOXIC gas or vapor into arr
or the chscharge of a tOXIC substance mto water may result m
mass casualtles among anImal populatIons.


To make prOVISIons for the collectIon and chSpOSItIOn of the
boches of dead aquatic and terrestnal anImals and decontamI
nation and care of contamInated ammals


• IdentIfy a source of work crews and eqUIpment for the collectlon and
disposal of dead animals.


• IdentIfy a chsposal SIte where the bodies can be buned and or incinerated


• IdentIfy a source of work crews and equipment for the decontanunatlon and
care of contaminated animals.


Discussion:


A large number of animal carcasses, be they hundreds of cows or chIckens or many
thousands of fish, can pose a varIety of health hazards. Emergency response plans do not
typically address this topic, possibly because it is somewhat chstasteful, but the tOPIC IS
worthy of consIderatlon durmg the planning process where applicable. Where oil spills may
contammate waterfowl, consideratlon mIght be gIven to the formatlon of work crews to
collect, clean, and care for the ammals under the chrectlon of experienced personnel. State
and federal agencIes can prOVIde aSSIstance m plannmg for thIS latter actlVIty Local
veterinarians and animal conservatlon groups may also be helpful, but in all cases, ensure
that personnel will not be placed at nsk of adverse safety or health Impacts by theIr actions
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ITEM#SR3


Topic: Post-Incident Testing for Contami1UJtion


When/Where Apphcable:


Plannmg Goal:


Action Items:


Any locale where toxic and potentially persistent contanunants
m 8ll' or m floodwaters may contaminate exposed surfaces


To prepare for the potential need to check crops, ground
surfaces, homes, stored foods, and animals that may become
part of the human food cham for possible chemIcal contamina
tion.


• Contact the nearest EPA regIOnal office, the state agency With pnmary
responsibihty for environmental protection, the regional AnImal & Plant
Health Inspection Service office and/or the Food and Safety & Quality
Service Office of the U S Department of Agnculture, and other appropnate
agencies to assess theIr combmed capabilities for contamination testing m
the aftermath of a sigmficant sp111 or discharge incident.


• Where additional services may become necessary, Identify and arrange for
the servIces of university laboratones or commercial firms that have the
necessary resources and personnel and who are willing and prepared to
respond.


DISCUSSion.


To some extent, thIs Item overlaps With Item ISM2, MOnItonng of Contanunant
Concentrations. However, that Item covers samphng and analysIs actiVities dunng the Initial
phases of a response action whl1e thiS one IS concerned With the potential for persistent
aftereffects.
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ITEM#SR4


Topic: Structural Inspections after Fires or Explosions


When/Where Applicable:


Plannmg Goal:


Action Items:


Any locale where a fIre or explosIOn mvolvmg hazardous
matenals may damage a large number of bul1dmgs, a bndge, a
tunnel, or other structures


To make prOVISions for mspectmg the structural mtegrity of
damaged buildmgs, bridges, tunnels, or other structures m the
aftermath of a fIre or explOSIOn.


• Identtfy the local, county, and/or state personnel Wlth responsibihty for
various types of structural mspecnons.


• Establish procedures, where a potennal need IS enVIsioned, for mspecnng
damaged structures that may be contammated Wlth chemical reSidues.


Discussion:


A major explOSion could damage or destroy numerous bul1dmgs and any nearby
bridges or tunnels. Slmllarly, large fIres can have major effects over a wide area. In either
case, residents of pamally damaged bul1dmgs will want to know if the structures are safe to
occupy while they await reparrs Quesnons pertammg to the safety of highway or railway
bridges or tunnels must be resolved quickly to avoid traffIc complications.


Note that mspecnon personnel may require special precaunons (i e., chemical protec
tive gear) m addlnon to normal safety eqmpment m those cases m which the structure may
still be contaminated by hazardous reSidues.
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ITEM#SR5


TOPIC: Provision ofPost-Incident Recovery Services


When/Where Apphcable:


Planmng Goal:


Acnon Items:


Any locale Wlth the potennal to expenence a large number of
deaths or lOJuoes and/or a large loss of resldennal propemes


To provide a central locanon where people can Vlsit to seek
advice or help from SOCIal servIce orgamzanons, government
agency representanves, legal atd sources, representanves of the
party responsible for the lOcldent, and so forth


• Idennfy the key agencies and groups expected to have a role 10 post-disas
ter recovery.


• Idennfy a convement locanon where varIOUS orgamzanons can set up shop
temporarIly 10 the aftennath of a disaster.


• Plan to set up an lOfonnanon clemnghouse for answenng quesnons from
thepubhc.


DISCUSSIOn:


There are numerous orgamzanons that have a role 10 post-disaster recovery operanons
Simultaneously, even If general guldehnes are reported by the press, indiVidual members of
the pubhc Wlll have speCific quesnons on how to handle recovery of losses, reparr of homes
and buslOesses, rerounng of matI, contact Wlth "mISSlOg" relanves or fnends, etc. These
acnon Items set the stage for orderly proVlslon of necessary servIces.
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lTEM#TRl


TOpIC: Training ofResponse Personnel


When/Where Applicable: Any locale with the potentIal to expenence sIgnIficant
hazardous matenal accIdents


Plannmg Goal: To ensure that key personnel have the necessary trammg to
properly conduct therr mISSIOnS


Action Items:


• Based upon the types of mCldents most likely to occur and the related
response and plannmg actIVItIes suggested by thIs chapter, determIne the
types of trainmg reqUIred for emergency response personnel WIth responsI
bihties m any or all phases of the response.


• Determine what traIning the personnel have already had


• Identify and prOVIde any new or addItIonal trammg that mIght be requrred


• Conduct penodlc dnlls to test the overall effiCIency and effectIveness of the
emergency response plan and emergency response capablhnes


DISCUSSIon:


There are a great number of dutIes and responSIbilitIes associated WIth splIl response
that dIffer slgmficantly from the routlne actIvItIes of pubhc offiCials, pohce and fire
department personnel, and everybody from bulldozer operators to bus and ambulance dnvers
who may have to functIon in difficult and possibly hazardous enVIronments Appropnate
training can range from formal courses at pnvate spill control schools, UnIVerSItIes, or
community colleges to trammg seSSIOns prOVIded by the local or state government m whIch
personnel are bnefed on therr speCIfic dutIes m an emergency and shown how to wear and
properly use personal protectIve clothIng and deVIces The nature and extent of trammg
obviously depend on the nature of hazards to be faced, the speCIfic responslblhtIes of
individuals, local and state trammg reqUIrements, and federal traInIng requrrements speCIfied
by OSHA (see 29 CPR 1910.120). InformatIon on federal traInIng opportunItIes IS proVIded
in FEMA 134, the Digest ofFederal Training in Hazardous Materials See Chapter 1 for
the address to wnte for obtammg FEMA pubhcatIons
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ITEM#WDI


TOpIC: Disposal ofHazardous Wastes


When/Where Apphcable:


Planmng Goal'


ActIon Items:


Any locale where recovered chenncals and/or contannnated
matenals may requIre proper dtsposal


To IdentIfy appropnate dtsposal sItes for waste chenncals and
contannnated matenals.


• Identify state and federal regulatIons pertainIng to transportatIon and
dtsposal of hazardous wastes


• IdentIfy authonzed waste disposal sItes.


DIScussIon'


Where the parnes responsIble for a spIll do not take appropnate aCtIon, It may become
necessary for pubhc authontIes to undertake dtsposal of hazardous wastes. Thts requIres
knowledge of waste dtsposal regulatIons, the locatIon of approved and authonzed dtsposal
sItes, and the proper procedures for transportIng and transfemng wastes to these sItes. Local
governments should seek assistance from the state enVIronmental protectIon agency, the
EPA, and the Coast Guard for assistance With these efforts. These agencies w111 have
conSIdered these problems In theIr own statewIde or regional emergency response plans.
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APPENDIX A


A TUTORIAL ON FUNDAMENTAL MATHEMATICAL SKILLS


Purpose of Appendix A


Vanous sectIons of thiS gUide, hterature sources that may be accessed to obtam the
mfonnatIon and data necessary for the conduct of a hazard analysis, and certam input
parameters requrred by the computer program proVIded with this document may requrre the
user to perform vanous computatIons, convert the umts of certam numencal values, and read
vanous graphs. The purpose of this appendix IS to provide a bnef tutonal on:


• BaSIC algebra
• Conversion of unitS
• SCientIfic notatIon
• ReadIng of log-log and semI-log graphs
• Surface area and container volume esurnation methods, and
• Methods to esurnate container content weight.


Each of these tOPiCS IS discussed below for those who may not be famthar With them or may
have become a bIt rusty on therr use Since therr school days


A Review of Basic Algebra


AlgebraiC equatIons can then be thought of as sentences of instructIons, where simple rules
replace the words The main symbols you may come In contact With, and therr meanIngs are:


AlB or A means "A diVided by B"
B


A x B or (A)(B) means "A urnes Bit


A + B and A - B respectIvely mean "A added to B" and liB subtracted from A"


( ) means treat everything inSide these parentheses as one variable, or equivalently,
perform all computatIons inSIde parentheses before performIng other computatIons.


A =B means "A equals B II


A < B means IIA is less than B II


A > B means IIA IS greater than B II
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A ~ B and A <B respectively mean " A is greater than or equal to B" and "A is less
than or equal to B".


A-means A raised to the B power


If parentheses don't guide you, mathemancal operanons are performed in the following
order, left to right


1) Raise all powers first
2) Perform all multiphcanons or dIVlslons second
3) Perform all addInons or subtractions thud


Some examples of the types of equanons that may be encountered m this guIde and
elsewhere include:


A =2x60= 120


B =A x 10x4= 120 x 10x4=4800


C_l0-6_~_2
- 4-2 -2-


F = (1.8 x C) +32 = (1.8 x 2)+32 = 3.6+32 = 35 6


A Review of Unit Conversions


It is important that the numbers used in equanons or mput to a computer program are
provided in the proper sets of units For mstance, If the spIll amount to be entered into an
equation or computer program IS desIred m pounds, the program WIll produce wrong answers
if the user enters a number expressmg thts amount m tons. ThIs may seem obVIOUS, but It IS a
frequently made mistake at all levels of expenence. Checkmg that umts are correct (called
dimensional analysIs) is a straIghtforward procedure, but sttll one that requires a httle
thought.


All mathemancal methods and procedures presented m thIS guide and ItS assocIated computer
program specIfy the umts m whIch any values (such as length, weIght, or area) must be
proVlded. When the user has these values m the proper set of umts, then he or she can use
them immediately. However, If one or more of the values are m the wrong umts, the values
must 1mt be "converted". Although the computer program prOVIded with thIS document
contains a units conversion uttlity to assIst the user m these tasks, It is snll a good Idea to
know how umt conversions are generally accomphshed
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ConversIOns usually mvolve the muluphcauon or dIVISion of a value m one set of units by a
"conversIOn factor" to change It to another set of umts. Some sImple and mostly self-ex
planatory examples of the process mclude:


3feet
l00yards x-d= 300feet


yar


5280feet
2mlles x l = 1O,560feet


ml e


Ift3
l00gallons x 7 48gallons 13.37ft3


13.37ft3 x 7.48ga~ons = l00gallons
1ft


latm 14.7psia
640mmHg x 760mmHg x latm = 12 38psla


1.5tons x 20001bs = 30001bs
ton


Table A.I hsts these and other sImple converSIon factors that are hkely to be most often
needed. Note that m each of the above examples the "net" umts or both SIdes of the equal
Sign are (and should be) the same after umts appeanng both on the top and bottom of an
expressIOn are cancelled out Speclal equauons for temperature converSIOns can be found m
Secuon 22 of thiS gUlde ConversIons between "absolute" and "gauge" pressure are
dIscussed m Secuon 2 3.


A Review of Scientific Notation


Numencal shorthand called "scientlfic notaUon" makes It eaSIer to work With numbers that
are very small or very large BasIcally, It mvolves wntmg a number down (hke 3 6) and then
showmg how many Umes thIS number must be muluphed or dIVIded by 10 to obtaIn the
number that IS of mterest to the reader For example, assume that the number 360 IS to be
wntten m sCIenufic notaUon ThiS number would be represented by 36 X 102, where the 2
above the 10 means that 3 6 must be muluphed 2 Umes by 10 (3 6 x 10 x 10 =360)


For small numbers less than 1.0 (hke 0 036), a mmus sign is placed in front of the number
above the 10 (thiS number bemg the "power" of 10) to show how many Umes the first
number must be dIVIded by 10. Thus, 0036 would be shown as 36 x 10-2 (36/10 = 036,
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TABLEA.l
SELECTED UNIT EQUIVALENCY FACTORS


Length Pressure


1 nule =0.62 lalometers 1 atmosphere =14.7 psia


1 nule =5280 feet 1 atmosphere =760 mm Hg


1 nautlcal nule =6080 feet 1 atmosphere =101,325 Pascals


llalometer =1000 meters 14.7 pSla =760 mm Hg


1 yard =3 feet


1 meter =3.281 feet


1 foot =12 mches


1 mch =2 54 centtmeters


Weight* Energy


1 ton =2000 pounds 1 Btu =252 calones


lla10gram =2.2 pounds lla1ocalone =1000 calones


lla10gram =1000 grams 1 Btu =1055 Joules


1 pound =454 grams


1 gram =1000 ml1hgrams


Volume


1 ft' = 7.48 gallons


1 m' = 35.32 ft'


1 yd' = 27.0 ft'


*Assuming graVItational acceleratlon at sea level
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0.36/10 = 0.036). Every time a number IS multiphed by 10, ItS decimal point moves one
position to the nght. When It is divided by 10, the decimal point moves one position to the
left.


The following table should help in gaming a better understandmg of the concept.


Number Scientific Notation


OO36סס.0 3.60 x 105


0.0078 7 SOx 10 3


0.510 5.10 x 10 1


9.2 9.2 x loo (loo = 1)


51.0 5.1 x 101


780.0 7.8 x 102


36,000.0 3.6 x lO'


Once this basIc concept IS mastered, it is necessary to understand how to add, multiply or
diVIde two numbers wntten m sclentlfic notation ThIs gets a bIt more difficult. In all cases,
It IS Important to keep track of the correct powers of 10.


The easiest way to add two numbers m sclentlfic notation IS to convert them back mto
numbers in standard notation. For example, two numbers like 3.6 x 102 and 2.2 x 1{)3 become
360 and 2,200. Adding them together gIves 2,560 or 2.56 x 1{)3. The numbers 7.8 x 1{)3 and
5.1 x 1{)3 become 7,800 and 5,100. Their sum IS 12,900 or 1.29 x lO'. Likewise, 9.2 x 1Q-4
and 5.1 x 10-2 become 0.00092 and 0.051, and the sum is 0 05192 or 5.192 x 10-2•


The same technique can be used for multiphcatlon, but there IS another way that some might
fmd easier. It involves multiplication of the fIrSt numbers m the scientific notation, and then
addition of the powers of 10 mvolved. For example:


(3.6 x 1(2) x (2.2 x lO') = (3.6 x 2.2) x 1()c2+3)
=7.92 x lOS


(7.8 x 1{)3) x (5.1 x lO') = (7.8 x 5.1) x 1()<3+3)
= 39.78 x lCJ6
= 3.978 x 1()7
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(9.2 x 1{)-4) x (5.1 x
l(}Z)


= (9.2 x 5.1) x 1()c-4 2.)


= 46.92 x 1Q-6
= 4.692 x 1(}5


In division, the front numbers are dIVIded and then the power of 10 for the bottom number is
subtracted from the power of 10 for the top number.


= 1.64 x 10-1


7.8 x 10
3


= 7.8 X 10
3


= 1.53 X 10(3-3)
5.1 X 103 5.1 X 103


= 1.53 x 10°


=1.53


9.2 X 10-4 9 2 X 10-4 1.80 X 10(-4--2)
5.1 X 10-2 5.1 X 10-2


= 1 80 X 10(-4+2)


= 1.80 x 10-2


In the last example, it IS important to note that two mInus signs equal one plus SIgn.
Subtractmg -2 from -4 IS the same as addIng 2 to -4 to get an answer of -2.


Finally, it is necessary to note that computer programs use what is referred to as "E format"
to represent numbers in scientIfic notatlon. In thIs format, the letter ''E'' is used to replace the
term "x10" and the powers of 10 slmply follow the E WIthout appearmg as superscripts.
Thus:


• 1.23 X 106 becomes 1.23E 06
• 8.7654 x 10 5becomes 8.7654E-05
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How to Read Log-Log Graphs


Almost everyone at some ome or another has been shown how to use a graph with normal
axes (the axes are the lmes on the bottom and left Side of the graph). Thts type of graph
usually resembles somethmg like:


100


80


A 60
~curve


I
I


40 I
I


•I
20 J


I,
0


0 2 4 6 8 10 12


B


Given a known value for A on the left vertical scale or axis, the user would move to the nght
honzontally unttl he or she meets the curve, and then would go straight down vertically to
rmd the appropriate value for B on the bottom scale of the graph. This procedure IS
demonstrated by the dotted hnes and arrow heads m the above drawmg. If the value for B
was known mstead of A, the value of A could be determined by following the dotted lines in
the reverse dtrecoon The reason thts type of graph IS satd to have normal axes is that the
gradations on the Side and bottom are eqUidistant. The pomt for 2 on the B axiS IS the same
dtstance from 4 as 8 IS from 10.


Another type of graph that is used when the ranges on the axes encompass many
powers of 10 (from 0.10 to 1,000, for example) IS called a log-log graph. In this sort of
graph, the axes have loganthmic scales, and do not have gradaoons whtch are equldtstant.
They are a bit more dIfficult to read than graphs With normal axes, but permit much more
informaoon to be placed on a smgle page.
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Figure A.lls an example of a log-log plot smular to many winch may be encountered.
To understand how the graph is used, it IS necessary to f11'st reVIew:


1. The gradatIons on the bottom B axis;
2. The gradations on the side A axIS; and
3. The curves with dIfferent values for C.


The bottom B scale or axis spans 2 powers of ten; from 0.1 to 1.0, and agam from 1.0
to 10.0. The arrows show where the mtermedIate numbers are between 0.1 and 1.0 to
demonstrate what a logarIthmic scale looks lIke Note that the dIstance for 0 1 to 0 2 IS much
greater than the dIstance between 0.8 and 1.0, but that someone can still tell what each
gradation means. The second half of the scale (to the nght of 1.0) IS broken up m the same
way.


The left vertical A axIS also spans 2 powers of ten, but has markIngs m scientIfic
notation for numbers which are smaller than 1.0. The biggest number shown IS 1 x l(}z, at
the top of the scale, and the smallest IS 1 x 10"' at the bottom. Again, the arrows show the
relative locatIons of mtermediate pomts. It IS Important to note that two sets of numbers are
given on the graph for pomts at the very top, exactly m the mIddle, and at the very bottom.
That's because 10 x 1(}3 equals 1 x I(}Z, 10 x 10"' equals 1 x 1(}3, and so on. Graphs you may
encounter elsewhere may not have such dual markIngs, so tins fact should be remembered.


To add another ltdImenslonIt to thiS partIcular graph, three curves are shown for
different values of C. Many graphs m the hterature Will have more than one curve or bne on
them so that more informatIon can be contaIned m each.


To use the graph, one has to know values for two out of the three parameters that have
the relationship shown on the graph. For example, If It IS known that A has a value of 2 x
1(}3 and that C has a value of 4, the small arrows on Figure A 1 show how one would read
across and down to fmd the preVIously unknown B value of 0.35.


One problem WIth using a graph With many curves for dIfferent C values IS that the
known value for C (or whatever else It IS called) often bes m between two of the curves, or
above or below one of those on the outer boundarIes In such a case, the user must estImate
where the correct curve would be If It were shown.


How to Read Semi-Log Graphs


Many graphs may be semI-log graphs. ThIS means that the vertIcal axIS on the left has a
loganthmic scale while the honzontal axIS on the bottom has a normal axis Such graphs are
just a combination of the two types prevlOusly descnbed
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A TYPICAL LOG-LOG GRAPH
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Surface Area and Container Volume Estimation Methods


It may be necessary at times for the reader to determine or estimate the surface area of the
resulting pool when a liquid IS discharged upon the ground. It is well, therefore, to review
how the area of a surface can be calculated from its dimensions. Of interest are circles,
squares, rectangles, and triangles. The equations used to compute the areas of these shapes
are:


For circles:


For squares:


For rectangles:


For triangles:


Area = 3.1416 x radius x radIus, or
Area = 0.7854 x diameter x diameter


Area = length of side x length of side


Area = length x width


Area = 0.5 x length of base x vertical distance from base to
opposite tip of the triangle


There are several instances where the computer program associated with this guide ask the
user for the diameter of the hole m a tank or pipeline or of a liquid pool, even though it is
clear that pools or holes are not always cl1'cular. In such cases, the user of the methods IS


expected. to determine the diameter of a circle that has the same area as the area of the hole or
liquid pool. This is accomplished by using the equations:


Radius = (Area
3.1416


Diameter =: 2 x Radius


There may be situatIons in which it is desired to determme the volume of a pipeline, tank, or
other container. Equations for volume estimatIon are:


For spheres:


For vertical cyhnders:


Volume = 4.19 x radius x radius x radius


Volume = 3.1416 x height x radius x radius


Volume = 3.1416 x length x radius x radiusFor pipelines and
horizontal
cylinders:


Methods to Estimate Container Content Weight
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Once the volume of a container IS known, it may be necessary at times to determine ItS
capaCIty to hold a hqUld In units of pounds. It IS mostly commonly expected that the user
will know the volume in umts of gallons or CUbIC feet and WIll have access to the liquid
specIfic graVIty or hquid denSIty of the contents. Equations to detenmne weight In pounds
from dIfferent combinations of these values include:


WeIght (lb) = volume (ft3) x hqUId densIty (lb/ft3)


Weight (lb) = volume (ft3) x (62.4lb/ft3) x hqUId specIfic graVIty


WeIght (lb) = volume (gallons) x (1 ft3n.48 gallons) x hqUId densIty (lb/ft3)


WeIght (lb) = volume (gallons) x (62.4 Ib/ft3) x (1 ft3n.48 gallons) x specific
graVIty
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APPENDIX B 1


TECHNICAL BASIS FOR CONSEQUENCE


ANALYSIS PROCEDURES


B.l Introduction


ThIS appendIx provIdes a technIcal overVIew of the varIOUS computatIOnal


procedures contalned m ARCHIE and then key assumptIOns Many of


these models reflect the state-of-the-art m terms of development work under


taken at publIc and prIvate research facIlItIes, informatIOn m the publIshed


lIterature, and data collected or estImated from experIments and actual ac


cIdents Nevertheless, to make models workable for ARCHIE withm con


stramts Imposed by aVallable data and project resources, It was necessary


at times to employ a number of idealIzations and assumptIOns which must


not be overlooked m the mterpretatIOn of results Accordmgly, It is belIeved


that trends are predIcted accurately, but estimated values are less certam


In general, estimates of hazard zones are conservative, m that uncertalnties


overpreillct rather than underpreillct the extent of the hazard zones aSSOCI


ated WIth an accIdental release ExceptIOns are possible and lIkely, however,


so the applIcatIOn of safety factors by users IS encouraged


In selectIOn and development of hazard assessment models for ARCHIE ,


particular emphaSIS was placed on SimplICIty of computatIOnal procedure,


mInImIZatIOn of requned mput, applIcabilIty to a WIde range of aCCIdent


scenarIOs, and reasonable accuracy of results IndIvidual subsectIOns below


address mdividual models In the computer program


IThiS appendIx was prepared usmg a speCIal word processmg system because of the


large number of equatIOns presented ThIS prevented matchmg of the fonts and type SIzes


used throughout the rest of thIS handbook
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B.2 Liquid Discharge Models


For a gIven hqmd heIght and vapor space pressure, the mstantaneous lIq


md release rate from a tank or other contamer IS commonly gIven by the


equatIon-


m =AhCdvpd29PI (HL - Hh) +2 (Po - Pa)] (B 1)


where


m = DIscharge rate, kgI8


g = GravItatIOnal constant, 9 8 ml82


PI = LIqmd densIty, kg1m3


Po = Storage pressure, Nlm2


Pa =AmbIent pressure, Nlm2


HL =LIqmd heIght above bottom of contamer, m


Hh = Height of dIscharge operung, m


Ah = Area of dIscharge opening, m2


Cd = DIscharge coeffiCIent


An average release rate may be obtamed for tanks operatmg at atmosphenc


pressures by computmg the time (Te ) reqmred to empty a tank Closed form


expreSSIOns are avaIlable for storage tanks of speCIfic geometnes [27] and are


as follows for the system of uruts bemg utilIzed


• Rectangular Tank


• VertIcal CylmdrIcal Tank


T. _ 8LW...;IlT
e - CdD~7r..J2Y


T. _ ..;2llTDf
e - D~..;gCd
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• HOrIzontal CylIndncal Tank


16 HTD15
T.-- T


e - 311" D~V29Cd
(B 4)


• Sphencal Tank


where


DT =Tank diameter, m


Do = Openmg dIameter, m


HT = LIqUId height, m


Te =TIme to empty, sec


16 D25
T. - T


e - 15 D2 fl);;Cov&.g d
(B 5)


In deriving the above equatIons, It IS assumed that the tank is full and a


circular openIng of diameter Do IS at the bottom of the tank The average


release rate is therefore given by


M
m avg = T


e


where M IS the total liqUid mass in the tank In kilograms


(B 6)


EquatIOn B 1 IS also used to calculate pressurIzed lIqUid release rates In


tills case the dIfference between the tank pressure and the ambIent pressure


is much larger than the lIqUid head When assummg that lIqUid head IS


neglIgtble, EquatIOn B 1 becomes


(B 7)


Tills model should be used to calculate lIqUid dIscharge from vessels where


the dIscharge outlet IS less then 4 Inches from the Inner wall of the tank


It has been shown by Fletcher [18,19] that a length of pIpe of 4 Inches IS


necessary and suffiCIent to establIsh two-phase flow Independent of the pIpe '


diameter SIze The more approprIate dIscharge rate equatIOn for thIS latter


condItIOn IS presented In sectIOn B 6
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B.3 Gas Discharge From a Tank


Tlus model calculates the Imtial dIscharge rate of a gas from a pressure


vessel. The model assumes that the process IS adIabatIC and that wall frIctIOn


effects are neghgible USIng the mechanIcal energy balance, an expreSSIOn


for an instantaneous dIscharge rate under non-choked flow conditlons may


be calculated from


Under choked flow conditIOns, the mass flow rate IS calculated from


(
2 )~


m =Ah ,PaPa , + 1


where'


m = DIscharge rate, kg/ s


Ah = Opemng area, m 2


, = RatIO of specIfic heats


Po = Tank pressure, Pascals


PI = AmbIent pressure, Pascals


Po = DenSIty, kg/m3


(B 8)


(B 9)


It can be shown that choked flow (maximum flow rate) occurs at a CrItical


pressure ratIO of


( PI) (2)~
Po CTtt = ,+ 1


(B 10)


These equatIOns are based on Ideal gas behaVIOr They can be modIfied


USIng a compressIbIhty factor correlatIon such as PItzer's correlatIOn [46]


but are not so In ARCHIE for model SImplIficatIOn purposes
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B.4 Gas Discharge From a Pipeline


Two prImary computatIOnal apploaches ale aVailable for estImatIOn of gas


dIscharge rates from punctUled or ruptUled pIpelmes conveymg strIctly


gaseous products The plpelme can be consIdered to be a volume of com


pressed non-flowmg gas or It can be consldeled as a length of pIpe WIth gas


velocIty mcreasmg towards the dIscharge locatIOn


The volume model IS sImple and relIes upon the equatIOns descrIbed earlIer


for gas dIscharge from a tank It essentIally neglects the effects of frIctIOn


along the pIpe and therefore prOVIdes a conservatIve estImate of the dIscharge


rate ThIS IS the model used m ARCHIE


ConSIderatIOn of frIctIOnal resIstance to flow often requlles graphIcal tech


mques to calculate dIscharge Iates The charts refeued to are those de


sCrIbed by Lapple [35] and later conected by Levensplel [37] It IS also


pOSSIble to use a complex numerIcal algollthm to solve the mass and energy


conservatIOn equatIOns needed to desCrIbe the problem, wIth the flow bemg


dIVIded mto two parts


1 A frIctIOnless adIabatIc flow at the JunctIOn of the IeserVOlr and the
pIpe


2 An adIabatIc expanSIOn WIth frIctIOn tillough the pIpe


WeISS et al [51] present a comparIson between field test data, volume model


results, and results obtamed usmg a complex numerIcal model for pIpelme


blowdown calculatIOn Although the volume model underpredIcts the blow


down tIme, It leads to generally conservatIve vap01 dlspelsIOn calculatIOns


smce It overpredlcts the dIschaige rate f01 any gIven amount of gas m a


pIpelIne (See FIgure B 1)
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FIgure B 1- Models vs FIeld Measurements Taken from WeIss et al


a Analytical volume model


b Numerical pipe model
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B.5 Liquid Discharge From a Pipeline


This model IS a direct apphcatIOn of the Bernoulh equatIOn [39] It assumes


the densIty of the hqUld IS constant and solves for an average dIscharge


VelOCIty without accountIng for wall frictIOn Loss coefficIents for valves and


fittIngs may be accounted for by calculatIng the eqUlvalent pIpe length but


are set to 0 III ARCHIE The worlang equatIOn IS


Pa =Pressure at pIpe Inlet, Pascals


Pb = Pressure at pipe outlet, Pascals


Za =HeIght above datum plane at pIpe Inlet, m


Zb = HeIght above datum plane at pIpe outlet, m
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B = GravItatIOnal acceleratIOn, m/82


Be = Newton's law proportIOnalIty factor, 10


Va = Inlet velocIty, m/8


Vb = Outlet velocIty, m/8


B.6 Two-Phase Flow From a Tank


ThIs method IS used to estImate the two-phase gas-lIqUId dIscharge rate


from a tank or other vessel when the dIscharge outlet IS more than four


mches from the mner wall of the vessel and the vessel contams a lIquefied


compressed gas


The model IS based on theoretical and experimental studIes conducted by


Fauske and AssocIates [15] under the sponsorshIp of the DesIgn Institute


for Emergency RelIef Systems (DIERS) DetaIls of the model are gIven m


Fauske [15] and Lueng [38]


The final equatIOn descrIbmg flashmg two-phase flow through a lIne greater


than 4 mches m length IS


(B 12)


Where


Dr = dIscharge rate, lbs/mmute


Do = lIne or pIpe dIameter, mches


T = absolute temperature, degrees R


Cp = lIqUId specIfic heat, l~~R


~ = slope of vapor pressure curve, mi<Hg
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EquatIon B 12 IS derIved from an eqUIlIbrIUm CrItIcal flow model Fauske


(1985) has deterIDlned that for a pure flashmg component eXItmg through a


lme greater than 4 mches m length, the flow rate may be approXImated by


1


G = dPa [Tgc] 2"
dT Cp


where


G = mass flux


~ = slope of vapor pressure curve


T = absolute temperature


Cp = lIqUId specIfic heat


gc = gravItatIOnal constant


(B 13)


The flow rate gIven by EquatIOn B 13 IS governed by the somc velOCIty


at equilibrIUm flash condItIOn and IS not sIgmficantly affected by frIctIOnal


effects In order to estImate thIs flow rate, It IS necessary to determme the


heat capaCIty of the lIqUId and the slope of the vapor pressure curve


The slope of the vapor pressure curve may be deterIDlned readIly If the va


por pressure data are avaIlable However, materIal safety data sheets usually


speCIfy the vapor pressure at oilly one speCIfic temperature and also tYPIcally


prOVIde the normal boiling pomt of the substance Smce the vapor pressure


at the normal bOIlmg point IS one atmosphere or 760 mm of mercury, these


two vapor pressure data pomts are used m ARCHIE to estImate the ap


prOXImate slope of the vapor pressure curve usmg the expreSSIOn


dPa _ PaIn (!to)
dT - Ts - Tb


Where:


Pa = vapor pressure at temperature Ta, m mm of mercury
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Tb = bOlhng POInt (the vapor pressure IS 760 mm of mercury)


The heat capacity of hquid is not a parameter given in materIal safety data


sheets, but the range of heat capacities for varIOUS types of materIals IS


relatively narrow


• Organic materials made up of predomInantly carbon, hydrogen, oxy


gen, rutrogen and sulfur typically have a heat capacity rangIng from


03 Btu/lb-F to 0 8 Btu/lb-F


• ChemIcals contaIrung chlorIne, fluorIne and slhcon typically have heat


capacities In the range of 02 to 04 Btu/lb-F


• ChemIcals contaIning bromme and IOdIne and metals contammg or


ganics typically have heat capacitIes rangmg from 0 1 to 0 2 Btu/lb-F


In the absence of specific data for a chemical, the program and Chapter 12


suggest use of the followmg values


• ChemIcals contaIrung carbon, hydrogen, oxygen, rutrogen and sulfur


Cp =0 3Btu/lb - F


• ChemIcals contaInmg chlorme, fluorme or slhcon Cp =0 2Btu/lb- F


• ChemIcals contaInmg IodIne, bromme or metals Cp = 0 IBtuJlb - F


EquatIOn B 12 can be utIhzed by first applYing Equation B 14 to determIne


the approXimate slope of the vapor pressure curve and then IdentifyIng or


selectIng an approprIate hqUld heat capacity


B.7 Pool Size Estimation Methods


Estimation of pool areas resultmg from dIscharges of hqUld mto the ter


restrIal enVIronment IS one of the most drfficult and error prone aspects of
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aCCIdent scenarIO evaluatIOns for hazardous mateuals ExceptIOns only m


volve those cases m whIch the dIscharge source IS confined by a secondary


containment system of known dImenSIOns and the lIqUld can be expected to


cover the exposed surface of the contamment area In the real world, uncon


fined spIlls rarely occur m a locatIOn where the glOund surface If perfectly


flat and Impermeable Rather, spIlled lIqUlds wIll typIcally follow ramwater


dIscharge paths whIle sImultaneously vaporIzmg, bUlnmg, and / or soakmg


mto the ground Thus, tillS model IS actually compnsed of a number of


dIfferent estImatIOn procedures, all of WhICh ale deSIgned to ease the task


of the program user m obtammg a result that IS reasonable and lIkely to be


WIthin the correct ballpark


In the case of a lIqUld not expected to bOll upon lelease to the enVIronment


due to the relatIOnshIp between ItS nOlmal bOllmg pomt and ambIent and


storage temperatures, ARCHIE first estImates the rate at willch the lIqUld


WIll evaporate on a Ulllt area baSIS usmg a conelatlOn developed by the U S


AIr Force that IS descrIbed m sectIOn B 8 ThIS evapOlatIOn flux IS then used


as mput to a generalIzed pool spleadmg model descnbed m sectIOn B 10,


WIth substItutIOn of the evaporatIOn regreSSIOn late for the burnmg velOCIty


of the hqUld The result IS a maxImum credIble area for the scenano bemg


evaluated under speCIfied envIronmental condItIOns


Remallllng pool SIze estimatIOn techlllques for non-bOllmg lIqUlds are SImple


and perilllt refinement of results A pool area may be calculated based on


user supplIed data from observatIOns at the potentIal aCCIdent or mCldent


SIte, the user may select use of the maXImum cledlble pool area, or the


user may choose use of a SImple and vely CI ude conelatIOn based on lImIted


experImental data, thIS bemg


where


log(A) = 0 492Iog(m) +1617
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m = Total hqUId mass spIlled, lbs


A = Pool area, ft 2


ComputatIOn of pool areas for bOIlIng hqUIds IS accomplIshed VIa use of the


bOIhng rate models descrIbed m sectIOn B 8 to determme the vapOrIZatIOn


flux and the same pool spreadmg model descrIbed m sectIOn B 10 In thIS


latter case, the vaporizatIOn flux IS substItuted for the burnmg velocIty of


the liquid m approprIate umts


B.B Emission Rates From Liquid Pools


Pools of evaporatmg hqUIds are modeled WIth one of two methods, depending


upon the volatIlIty, normal bOIlIng pOInt, and storage temperature of the


hqUId and theIr relatIOnshIp to the ambIent temperature [11,14,31]


If a dIscharged lIqUId IS near ambIent tempelatUIe, a sImphfied model de


veloped by the U S AIr FOlce EngIneerIng and Sel VIces Labolatory [32]


IS used to predIct the evapOlatIOn late ThIS model was correlated to a


complex numerIcal model [31], also developed by the AIr Force and valI


dated WIth experImental data [11] It reqUIres far less user Input, yet yIelds


reasonably accurate answers The model applIes to spIlls that can vary up


and down m temperature as the lIqUId pool heats and cools, and IS hmIted


m emISSIOn rate by how fast mass can transfer mto the aIr from the pool


surface It IS also reasonably accUIate fOl pools beIng heated moderately by


the sun, but does not fully account for the decreases In evaporatIOn rates


that bOIlIng or very volatIle lIqUIds may expeuence as a result of coolmg by


evaporatIOn However, the error applIes only to one speCIalIzed category of


spIlls, and normally results In a conselvatlve answer InaccuracIes resultmg


from heatIng of a relatIvely low volatIlIty substance spIlled onto a hot surface


or warmed by the sun over tIme are counterbalanced by recommendatIOns
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made to users of ARCHIE In Chapter 12 wIth respect to speclficatIOn of


ambient and hqU1d storage temperatures


The equatIOn used to calculate the evaporatIOn flux of volatIle lIqUid IS


Ev = 4 66 X 1O-6U~ 75TF PaMw


Pall,


where


Ev = EvaporatIOn flux, Ibs/mtn/lt2


Uw =Wmd speed, mph


P" = Vapor pressure of chemIcal, mm H9


P"h = Vapor pressure of hydrazIne, mm H 9


Mw = Molecular weIght of chemIcal


TF = SpIll temperature correctIOn factor


The spill temperature correctIOn factor IS defined as follows.


TF = 1 Tp < 0 C


TF = 1 +4 3 x 1O-3T; Tp > 0 C


(B 17)


(B 18)


where Tp IS the pool temperature In degrees C The vapor pressure of hy


drazIne IS given by the follOWIng equatIon


In(P) = 65 3319 - 72~ 2 - 8 22In(T) +61557 X 10-3 T (B 19)


where T IS In kelVInS and P IS an atmospheres Note that the total vapOrIza


tIOn rate of the pool IS obtaIned by multiplYIng the evaporatIOn flux by the


pool area The duratIon of vapor emISSIOn IS obtained by dIvidIng the total


mass of discharged hqU1d by the total vapOrIZatIon rate EquatIOn B 18 IS


used by ARCHIE for all non-bOIhng hqUIds and for those hqUIds which


boil at pool temperatures In excess of zero degrees CelclUs
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The vapOriZatIOn rate of cold bOIling liqUIds, mcludmg most liquefied gases,


IS normally driven by the rate of heat transferred from the ground by con


ductIOn Accurate computatIOn of vaporIzatIOn rates by so-called ground


conductwn models reqUIres knowledge of several ground surface properties


as well as the physIO-cheilllcal propertIes of the spIlled material Further


complIcatmg the proper use of such models IS the fact that rates WIll vary


WIth time as the surface beneath the pool IS cooled Notwithstandmg the


above, several eXIstmg models wIthout exceSSIve data demands were tested


for mclusIOn m ARCHIE ,mcludmg a novel approach based on observa


tIOns of the relatIOnshIp between the bOiling and burmng rates of liqUIds


whIch prOVIded the best overall results


An understandmg of the lOgiC applied durmg development of the latter ap


proach reqUIres knowledge of the followmg observatIOns


1 Larger illfferences m temperature between the ground and the bOIl


mg pomt of the illscharged liqUid lead to hIgher vapOriZatIOn rates m


general


2 The depletIOn rate of a bOIling pool at low temperatures can approach


but not exceed the expected rate of depletIOn If the pool IS burnmg


3 Burmng rates of most common flammable liqUids vary withm a rela


tIvely narrow range regardless of the bOIlmg pomt of the liqUid


4 The burmng rate of a liqUId IS a functIOn of ItS boiling pomt, molecular


weIght, and denSIty


Based on the above finillngs, a SImplified method was developed by correlat


mg burmng velOCItIes estimated by the equatIOn presented m sectIOn B 10


wIth experImentally derived bOIling rates for a varIety of hazardous materi


als, these mcluillng butane, sulfur illoXlde, propane, methane, and oxygen
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The resultIng correlatIOn was


F = 05322 - 0001035Tb


Ev = Fyp


where,


E v = VaporizatIOn flux, kg/m2/s


Tb = BOIhng POInt, F


p = LIqUId densIty, kg1m3


y =Burmng velocIty, m/s


(B 20)


(B 21)


This approach prOVIdes answers of reasonable accuracy wIthIn the correct


order of magnItude It IS slated for further refinement In a future varSIOn of


ARCHIE.


B.9 Vapor Dispersion Model


The SIze of a dIspersion hazard zone depends upon the quantIty of the ma


terIal released, Its effectIve denSIty, volatIhzatIOn, prevaIhng atmospherIc


conditions, source elevation, and the user specified toxicity limit


The tOXICIty hmit must be selected by the user carefully to reflect both


the impact of interest (fatalIty, serious Injury, Injury, etc) and the sce


narIO release condItIOns (especIally duratIOn of release or pool evaporatIOn)


Chapter 6 of the gwde dIscusses thIS tOPIC In detail


The model In ARCHIE IS used to determIne the downwInd dIstances where


the concentratIOns are at or above a user speCIfied tOXIC hlllitIng concentra


tIon. Among the models reqwred for hazard assessments, vapor dIspersIOn
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models are perhaps the most complex Tills IS prImarily due to the varIed


nature of release scenarIOS as well as the vaned nature of chemIcals that may


be released Into the enVIronment


In general, dIspersIOn of toXIC gases or vapors IS Influenced by the folloWIng


parameters


• Release Rate and DuratIon


• PrevailIng AtmospherIc CondItions


• LImItIng ConcentratIOn


• DuratIOn of Release


• ElevatIOn of the Source


• SurroundIng Terrain


• Source Geometry


• Imtial DensIty of the Release


Each one of these parameters are dIscussed wIth specIal emphasIS on theIr


Influence on estImatIOn of downwInd dIstances


Release QuantIty or Release Rate refers to the total amount of hazardous


chemIcal willch has the potentIal to be released over a gIven penod of tIme


In the event of an accIdent Tills parameter IS a major factor In determInIng


the dIspersIOn dIstance In general, larger quantItIes lead to larger dIspersIOn


dIstances However, the dIspersIOn dIstance does not Increase lInearly wIth


quantIty or release rate In fact, a factor of 10 Increase In release rate


usually Increases the dIspersIOn dIstance by a factor of about 3 A factor


of 100 Increase In release rate may lead to a factor of 10 Increase In the


dIspersIon dIstance For gaseous and hIgh vapor pressure lIqUId releases, the


release rate to the atmosphere wIll be the same as the dIscharge rate from
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a. vessel or pIpelIne For lIqUlds wIth low vapor pressures, the vapor release


rate wIll be governed by the lIqUld-specific evaporatIOn characterIstics, the


spIll area, and the ambIent condItIOns; It can never exceed the IIqUld spIll


rate


PrevaIling AtmospherIC CondItIOns Include a representatIve WInd speed and


an a.tmospheric stabIlIty class Less stable atmospherIC condItIOns result


In shorter dIsperSIOn dIstances than more stable weather condItions Wmd


speed affects the dIsperSIOn dIstance Inversely Smce weather condItIOns at


the tIme of an accIdent can not be determIned a przorz, It IS usually prudent


to exerCIse the model for at least typICal and worst case weather condItions


for hazard analySIS purposes


LimItIng ConcentratIOn affects the dIsperSIOn dIstance mversely Lower con


centratIOns lead to larger dIspersIOn dIstances As wIth source release rate,


the effect IS not lInear, wIth a factor of 100 reductIOn m the IImItmg con


centratIOn resultmg In an mcrease m the dIsperSIOn dIstance by a factor of


about 10


DuratIon of Release IS a parameter dependent on release condItIOns Most


dIsperSIOn models use one of the two extreme cases, 1 e , contmuous release or


instantaneous release In the case ofmstantaneous release (1 e ,for very short


duratIOn releases), the total quantIty of the chemIcal released durmg the


accident contrIbutes to the dIsperSIOn hazard, and the dIsperSIon takes place


in longitudInal (along WInd), lateral (across wmd) and vertIcal dIrectIOns In


case of a contmuous release (1 e , a release that lasts a long time compared


WIth downWInd travel tIme), the release rate IS the Important parameter,


and dIsperSIOn IS commonly assumed to take place only m the lateral and


vertIcal dIrectIOns


Clearly, most releases do not fall Into eIther one of the above two categorIes.


Models developed to predIct strictly contmuous or Instantaneous releases
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cannot be apphed wIth reasonable accuracy because they do not take mto


account the actual release duratIOn Consequently, a firute duratIOn cor


rectIOn (see PalazzI [42]) IS mcorporated mto ARCHIE Tills model ap


proaches the two hIDltmg cases as the release duratIon IS varIed from very


short to very long tImes The firute duratIOn correctIOn was valIdated by


PalazzI et al usmg the experImental data of De FaverI et al [13]


The concentratIOn at any location IS gIven m ARCHIE by


= Cc [erf(_X-) _erf(X-Uwt)] when t~tR (B22)
2 V2q:c V2q:c


= Cc r-er f (X - Uw(t - tR)) _ er f (X - Uwt )] when t ~ tR
2 l .,j2q:c .,j2q:c


where


Cc =


x


(B 23)


Here, tR IS the duratIOn of release m seconds The maximum concentratIOn


IS gIven by the followmg equatIOn


X ~ U;tR (B 24)


(B 25)


The parameters used m the above equatIOns are defined as follows


Cma:c = Maximum centerlme concentratIOn, kg / m3


Q = Contmuous source release rate, kg/sec


Uw = Wmd speed, m/sec


z = VertIcal dIstance, m


y = Crosswmd dIstance, m
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x = DownwInd mstance, m


H = Source heIght, m


O'a; = Longitudmal standard deVIatIOn, m


0''11 = Lateral standard deVIatIOn, m


O'z = VertIcal standard deVIatIOn, m


The model uses Pasquill-GIfford [43] dIsperSIOn coefficIents (1 e , standard


deviatIOns) wmch provIde a measure of the turbulence mtensity m the lat


eral and vertIcal mrectlOns These coeffiCIents are a functIOn of downwmd


mstance It IS customary to assume for short duratIOn sources that the 10ngI


tumnal msperSlOn coeffiCIent IS Identical to the lateral dIsperSIOn coeffiCIent


As the duratIOn of the release becomes small, the results approach that of


an Instantaneous model, conversely, as the duratIOn becomes very large, the


results resemble that of a contmuous pomt source model


ElevatIOn of the Source IS attnbuted to Its phySIcal heIght (such as a tall


stack). In general, the effect of source heIght IS to mcrease msperslOn m


the vertIcal dIrectIOn (smce It IS not ground restrIcted), and reduce the


concentratIOn at ground level


Surrounmng Terram affects the msperslOn process greatly For example,


rough terrams mvolvIng trees, shrubs, bUIldmgs and structures usually en


hance msperslOn, and lead to a shorter dIsperSIOn dIstance than predIcted


usmg a flat terram model BUIlmng and terrain effects are sIte-specIfic and


cannot be conSIdered m a generalIzed msperslOn model


Source Geometry refers to the actual SIze and geometry of the source emIS


SIOn. For example a release from a safety valve may be modeled as a pomt


source. However, an evaporatIng pool may be very large In area and may


reqUIre an area source model The source geometry effects are sIgmficant
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when considermg near-field dIsperSIOn (less than ten times the character


istIC dImenSIOns of the source) At farther distances, the source geometry


effects are smaller and eventually become neglIgible Thus, ARCHIE uses


a pomt source model m all cases Smce most toXiC substances have long dIS


perSIOn distances, thIs level of detaIl was consIdered adequate for emergency


planrung purposes


Irutial DensIty of the release affects the dIsperSIOn process A buoyant release


may mcrease the effectIve heIght of the source By the same token, a heavzer


than azr release WIll slump towards the ground For heavier-than-aIr releases


at or near ground level, the Irutial denSIty determInes the Irutial spreadmg


rate. ThIS IS partIcularly true for large releases of lIquefied or pressurIzed


chemIcals where flashmg of vapor and formatIOn of liqUId aerosols contrIbute


very sigruficantly to the Irutial effectIve vapor denSIty and therefore to the


denSIty difference wIth aIr


Results of recent research programs dramatically mdicate the Importance


of heavy gas dispersIOn m the area of chemIcal hazard assessment In fact,


heavy gas disperSIOn phenomena exhIbIt a predictable pattern


• The Irutial rate of spreadmg (often termed slumpmg) IS sIgnIficant


and IS dependent on the differences between the effectIve mean vapor


denSIty and the aIr denSIty


• The rapId mIXing wIth ambIent aIr due to slumpmg leads to lower


concentratIOns at shorter dIstances than those predicted usmg neutral


denSIty disperSIOn models


• There IS very lIttle ffilXlng m the vertical directIOn, and thus, a vapor


cloud huggzng the ground IS generated


• When the mean denSIty difference becomes small, the subsequent dIS


persIOn IS governed by preVailIng atmospherIC conditIOns
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SInce heavy gas dzsperszon occurs near the release, It IS partIcularly Impor


tant when consIderIng large releases of pressurIzed flammable chemIcals To


examme the feasIbIhty of havIng a sImphfied verSIOn for ARCHIE , the


results of a detaIled heavy gas model [41] were compared WIth those from


a neutral buoyancy vapor dIspersIOn model for both flammable and toXIC


hazard scenarIOS The models were exerCIsed for the followmg two scenarIOS


WIth both neutral and stable atmospherIc condItIons


• Liquefied propane gas (LPG) released Instantaneously WIth 35 %flash


Ing Into vapor and the remamIng lIqrnd In the form of aerosols wIthm


the vapor cloud The mass of release was varIed from 1 ton to 100


tons The lImItIng concentratIOn was chosen to be one-half of lower


flammability lImIt for propane


• PressurIzed releases of chlorme WIth 20 % flashmg and the remammg


80 % In the form of hqrnd aerosols The mass of release varIed from


o1 ton to 10 tons The lImItmg concentratIOn was chosen to be the


IDLH for chlorme (25 ppm)


The results of the model comparIson were as follows


• The heavy gas dIspersIOn model, when exerCIsed for the LPG scenarIO,


gave very SImIlar dIspersIOn dIstances for both stabIlIty categorIes The


typical dIstances were between 1000 ft (1 ton release) to 3000 ft (100


ton release).


• The neutral buoyancy dIspersIon model, when apphed to the LPG sce


narIO produced to larger dIspersIOn dIstances under stable weather con


dItIOns The dIspersIOn dIstances were typICally 50 %to 100 % greater


than heavy gas dIspersIOn model predIctIOns for neutral weather condI


tIOns For stable weather condItIOns, the neutral buoyancy dIspersIOn


dIstances were about 3 to 5 tImes greater than those given by the
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(B 26)


heavy gas dIsperSIOn model


• The heavy gas dIsperSIOn model results for chlorine release scenar


IOS were senSItIve to the atmospherIC stabIlity condItIOns WIth stable


weather leadIng to larger dIspersion dIstances than neutral weather


condItIOns The heavy gas dIsperSIOn model resulted m slightly larger


dIsperSIOn dIstances than the neutral buoyancy dIsperSIOn dIstances


largely due to limIted vertical mIxmg Over the range of parameters,


the d1:fferences between the two model results were about 10 %


Based on thIs comparIson, It was concluded that use of a neutral buoy


ancy dIsperSIOn model would be adequate for tOXiC release scenarIOS bemg


evaluated by ARCHIE for emergency plannmg purposes


The tIme of arrIval of a cloud or plume at a downwmd pomt IS often calcu


lated by SImply dIVIdIng the downwmd dIstance by an average wmd speed


Xdw
tarrlve = U


w


where


Xdw = Downwmd dIstance, m


Uw = Average wmd speed, m/s


In the above expreSSIOn, the wmd speed IS assumed to be constant and


mdependent of heIght The vapor cloud IS assumed to travel at a velOCIty


SImilar to that of ambIent air


A more realIstIC estImate may be calculated usmg a wmd speed profile WIth


a power law expreSSIOn


where


( )


014


Uw = Ure! -.!......
Zre!
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UreJ = Reference WInd speed, m/s


zreJ = Reference helght, m (usually 10 m)


To provide conservative estimates of cloud departure and arrIval times,


ARCHIE uses the follOWIng lOgIc


• For dIscharges with source elevatIons less than 10 meters, the WInd


speed reported at a 10 meter heIght IS used to calculate arrIval time,


50 % of tills speed IS used to calculate departure time


• For dIscharges WIth source elevations greater than 10 meters, the power


law IS used to calculate WInd speed for arflval tIme, 50 % of the 10


meter reference WInd speed IS used to calculate departure time


Recommended InItial evacuatIOn zone WIdths are estimated USIng the method


ology descflbed In Chapter 3 of thIS gUIde
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B.10 Pool Fire Model


Upon IgmtIOn, a spilled hqUld hydrocarbon pool will burn In the form of a


large turbulent drffusIOn flame CalculatIng the IncIdent flux to an observer


mvolves four steps geometrIc characterIZatIOn of the flame, estImatIOn of


flame radIatIOn propertIes, estImatIOn of attenuatIon coefficIents, and com


putatIOn of the geometrIc VIew factors between the observer and flame The


SIze of the flame wIll depend upon the spIll surface and thermo-chemIcal


propertIes of the spIlled lIqUld In partIcular, the dIameter of the fire (If


not confined by a dIke), the VIsIble heIght of the flame, and the tIlt and


drag of the flame due to wmd can be correlated wIth the burnmg velocIty


of the hqUld The radIatIve output of the flame wIll depend on the fire SIze,


the extent of mIXIng wIth aIr and the flame temperature Some fractIOn of


the thermal radIatIOn IS absorbed by carbon dIoXIde and water vapor In the


mtervenmg atmosphere In addItIon, large hydrocarbon pool fires produce


thIck smoke whIch can sIgmficantly obscure flame radIatIOn Fmally, the In


cIdent flux at an observer locatIon wIll depend on the radIatIOn VIew factor


whIch IS a functIOn of the dIstance from the flame surface, the observer's


orIentatIOn, and the flame geometry


ExperImental data on thermal radIatIOn hazards suggest that an IncIdent


flux of about 5 kW jm2 (1600 Btujhr-ft2) wIll cause second-degree burn


mJurIes on bare skIn If the duratIOn of exposure IS about 45 seconds An


mCIdent flux level of 10 kW jm2 (3200 Btujhr-ft2) qUlckly causes thud


degree burns that are lIkely to lead to fatalIty These two levels are typIcally


used m determImng Injury and fatalIty hazard zones (See Buettner [10])


EstImatIng the thermal radIatIOn hazards from pool fires Involves three maIn


steps characterIZatIOn of the flame geometry, apprOXImatIOn of the radIatIve


propertIes of the fire, and calculatIOn of the safe separatIOn dIstance to


speCIfied levels of thermal radIatIOn The model IS used to calculate the
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follOWIng parameters


• Fuel burmng velocIty,


• EffectIve eInlSSIVe power, and


• FatalIty and Injury hazard zones


Several sImphfYIng assumptIOns have been made In the calculatIOn proce


dure. These are summarized below


• Pool area IS circular


• Observer IS at ground level


• AmbIent temperature IS 20 degrees C


• Atmospheric absorption of thermal rarnatIOn IS neghgible


• Neghgible WInd In the vicimty of the flame, thus, umform thermal


radIatIOn field radIally and no flame tilt


• When the user assumes pool IgmtIOn occurs shortly after release, the


fire achieves a SIze such that the burning rate equals the spIll rate, WIth


some adjustments made for specIal circumstances OtherwIse, the fire


has the base area deterInlned VIa the use of the evaporatIng or bOlhng


pool area estImatIOn models


The burmng velOCIty of a hqUld pool IS the rate at whIch the pool level


decreases wIth tIme The mass burning rate IS a related term, beIng a prod


uct of the burning velOCIty and the fuel hqilld densIty ExtensIve burn rate


measurements (See Burgess [9]) have shown a defimte relatIOnshIp between


the burmng velOCIty and thermocheInlcal fuel propertIes, such as the ratio


of the net heats of combustIOn and vapOriZatIOn The single most readily


avaI1able property that best correlates wIth these heats IS the normal bOIhng


point. Therefore, a sImple expreSSIon for the burmng velOCIty was obtained,
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(B 28)


covermg a wIde range of bOIlmg pomts It IS Important to note that the


correlatIOn developed IS mdependent of pool SIze In effect, It IS assumed


there IS a large, turbulent dIffusIOn flame behavmg as an optIcally thIck gray


body ThIs condItIon IS satIsfied for most pool fires exceedmg about 10 feet


m dIameter The equatIOn to estImate the burnmg veloCIty IS 2


92 6e-o0043TB Mw 10-7


y=-------
P 6


where


y = Burrung velocIty, mjs


Mw = Molecular weIght, kgjkgmol


p = LIqUId specIfic gravIty


TB = Normal bOIlmg pomt, degrees F


The spectrum of hydrocarbon hqUId spIll scenarIos IS wIde SpIlls can be


classIfied based on the rate of release and duratIon


• Contmuous spIlls - m whIch the spIll contmues at a specIfied firute rate


for a long duratIOn


• Instantaneous spIlls - m whIch all of the spIll occurs m a very short


t~me


• FIrute duratIOn spills - where a gIven volume of hqUId IS spilled over a


gIven duratIOn of tIme Both the release rate and the release duratIOn


are firute


The dIameter of the pool fire depends upon the release mode, release quan


tIty (or rate) and the burnmg rate In addItIon, If the spIll occurs on land,


2ThIS equatIon underpredIcts the burmng rate for hydrogen ARCHIE therefore m


cludes a speCIal adjustment for hydrogen
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(B 29)


the frIctIonal resIstance offered by the terrain wIll hmIt the spreading ve


locIty of the hqUld In the case of a continUOUS spIll, the lIqUld spreads


and Increases the burrung area until the total burrung rate equals the spIll


rate. ThIs conditIon of eqUlhbrIum IS represented by an eqUllIbrmm dIame


ter gIven by the follOWing equatIOn


Deq =2 fVy;y
Here,


Deq = Steady state diameter of the pool, m


V = LIqUld spIll rate, m3 j s


y = LIqUId burrung rate 3, mjs


ThIs equatIon assumes that the dOmInant mode of heat transfer to the hqUld


pool comes from the flame and the burrung rate IS constant ThIS IS a


valId assumptIOn for al1lIqUld hydrocarbons whose boiling temperatures are


above ambIent ThIs IS also true for lIquefied hydrocarbon spIlls on water


where heat transfer from water to the pool IS relatIvely constant ThIS


results In a hIgher burnmg rate The equatIon, however, Ignores the tIme


dependent heat transfer from substrate such as on land where heat transfer


decreases With tIme It IS also assumed m derivmg thIs equatIOn that the


mass balance IS maintained withm the burrung pool Hence, the loss of


liqUid due to percolatIOn through the soIl or dissolutIOn In the water column


are not Included


(B 30)
Deq


teq =0949 1/3
(ilyDeq )


In the absence of frIctIOnal reSIstance during spreading, the eqUllIbrmm dI


ameter given by EquatIon B 29 IS reached over a tIme given by the follOWing


equatIon


3see sectIon B 5 for equatIon
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where, A is the effective gravity


The effectIve gravity IS equal to the gravitatIonal constant for spills on land


It IS important to note that the equilibrIUm dIameter does not represent the


maxImum dIameter of the flame The excess volume spilled up to the tIme


to reach the eqrnhbrIUm dIameter spreads further The maxImum dIameter


IS given by'


(B 31)


(B 33)


(B 34)


(B 32)


If the spill duration IS less than teq , a steady state dIameter IS not reached


The maxImum dIameter and the tIme to reach thIs dIameter are gIven by


the followmg expreSSIOn


[~ (~)4]1/4
Dma:c = 3 + Dch Dch


t",= - 06966[:;2]'" (1 +H%J)"\t.
Doh = 1 65 [V;2d] 1{8


Here,


l's = Volume remammg In the pool at the end of the spill, m3


ts = Spill duratIon, sec


Ds' = SpIll dIameter at the end of the spill duratIOn, m


A slmllar expreSSIOn may be obtained for sImultaneous spreadIng and burn


Ing of Instantaneous releases In the absence of frIctIOnal resIstance durIng


spreadIng Here the radIUs of the pool Increases untIl all the material IS


consumed by the fire The expreSSIOns for the maxImum dIameter and tIme


to reach maxImum dIameter are as follows


[
V3A] 1/8


Dma:c = 1 7766 ~
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(B 38)


(B 37)


[
V ]1/4


tmaa: = 06966 t1y2 (B 36)


EquatIOns B 32, B 33 and B 34 may be used to derIve the above equatIOns


by substItutIng the total hqUld volume V In place of ~ and settIng the


imtial diameter Ds and spill duratIOn t s to zero


For hqUld hydrocarbon splIls on land, the spreadIng velocIty IS largely con


trolled by frIctIOnal resIstance offered by the terram The maxlmum pool


dIameter and the time to reach the maxlmum for an mstantaneous release


are gIven by the folloWIng expreSSIOns


[
V2 ] 2/11


Dmaa: = 1 7982 -yfli


[
V3C2] 1/11


tmaa: = 0 5249 g2 y';


It should be noted that an Instantaneous unconfined pool fire grows In SIze


untIl a barner IS reached or untIl all the fuel IS consumed Therefore, the


maxlmum dIameters predIcted by these equatIOns wl1l eXlst only for a short


duratIOn Use of maxlmum pool dIameter wl1l therefore lead to very conser


vatIve results A tIme averaged pool dIameter can be obtamed by IntegratIng


the time dependent expreSSIOns for pool dIameter or more appropnately by


dIVIdIng the maxlmum dIameter by the square root of two, thIS beIng the


approach taken m ARCHIE


A sirrular expreSSIOn may be devIsed for a contmuous spIll on ground, takIng


frIctIOnal resIstance Into consIderatIOn The eqUlhbnum dlameter IS gIven


by equatIOn B 29 The maxlmum dIameter and tIme to reach the maxlmum


dIameter are as follows


Dmaa: = 1 254Deq


[
D3C ]1/4


tmaa: = 0897 ~y2g
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Here Cd IS the ground frIctIOn coefficIent It has been assIgned a value of


o5 m ARCHIE for general applIcatIOn purposes


The CrIterIa by whIch a gIven spill SItuatIOn can be categorIzed as mstan


taneous or contmuous are dIfficult to establIsh ComparIsons can be made


only between the rapId release of a gIven volume of lIqUId and the release of


the same volume of lIqrnd relatIvely slowly One CrIterIon for claSSIficatIOn


IS the maXImum radIUS of the burnmg pool That IS, for a gIven SItuatIOn,


the maxImum radu of spread are calculated usmg both mstantaneous and


contmuous models, and the spIll IS classIfied mto the category whIch gIves


the smaller of the two spread extents Raj [45] mdIcates that a spIll can be


treated as mstantaneous If ItS dImenSIOnless tIme, r, IS less that 0002


(B 41)


where, t s IS the spIll duratIOn


The mean VISIble flame heIght, estImated by ARCHIE IS based on the


correlatIOn of experImental data for laboratory-scale wooden crIb fires (See


Thomas [49]) whIch agrees well WIth observatIOns of actual hqrnd pool fires


Based on these experImental data, Thomas developed a correlatIOn for the


mean VISIble flame heIght, H flame


[
BVp ] 061


Hflame = 42Dp PaJgD
p


where


H flame = Flame heIght, m


P = 1Iqrnd denSIty, kgjm3


pa = AIr denSIty at ambIent temperature, kgjm3


Dp = Pool dIameter, m


9 = GraVItatIOnal acceleratIOn, 9 8 mj8 2
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The emISSIVe power of a large turbulent fire IS a functIOn of the black body


emISSIVe power and the flame emISSIvIty The black body emISSIve power, In


turn, can be computed USIng Planck's law of radIatIOn, If the mean radIatIOn


flame temperature IS known For IncIdent flux calculatIOns, however, It IS


more Important to estImate the effectIve emISSIve power of the flame, whIch


accounts for smeldmg by surroundIng layers of smoke for hqUld hydrocarbon


fires Based on observed values of emISSIVe powers reported In the hterature


and other avaIlable data (See Huggland et al [24] and Alger et al [2]),


the effectIve eIDlSSIve power was correlated to the normal bOllmg POInt for


selected fuels by the expreSSIOn


Ep = -0 313 TB +117


where


Ep = EffectIve emISSIVe power, kW1m2


TB = Normal boiling POInt In degrees F


(B 43)


MaterIals wIth a bOlhng pomt above 30 degrees F typIcally burn wIth sooty


flames The emISSIVe power from the sooty portIOn, based on hmited data, IS


on the order of 20 ~ An effective sooty flame average emISSIVe power can


therefore be estImated by assIgnIng relative areas of sooty and unshIelded


flame and calculatIng an area based average emISSIve power


The IncIdent flux at any given locatIOn IS gIVen by the equatIOn


QmCtdent = EP x T x VF


where


QmCtdent = IncIdent flux, kWlm2


T = TranSmISSIVIty


V F = GeometrIc VIew factor
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T, the tranSmISSIvIty coefficIent, IS maInly a functIOn of the path- length


(dIstance from observer to flame surface), relatIve humIdIty, and the flame


temperature For the calculatIOn scheme In ARCHIE , T has been set to


1, and the attenuatIOn of thermal flux due to atmospherIc absorptIOn IS


not taken Into account ThIs assumptIOn prOVIdes a conservatIve hazard


estImate, SInce the presence of water and carbon dIOXIde tends to reduce the


InCIdent flux at any gIven locatIOn


The VIew factor defines the fractIOn of flame that IS seen by a gIven observer


ThIs geometrIc term has been calculated as a functIOn of dIstance from the


flame center for an uprIght flame approXImated by a cylInder It has also


been assumed that the optImum OrIentatIOn between observer and flame


that yIelds a maxImum VIew factor preVaIls The resultIng equatIOn IS as


follows


[
R ] 1757


VF= 1143 ;


where.


x = DIstance from flame center, m


Rp = Pool radIUS, m


(B 45)


(B 46)


(B 47)


For fatalIty, the InCIdent flux level IS set to 10 kW1m2 For Injury, the


correspondIng level IS 5 kW1m2 These levels are based on analySIS of nu


merous sources of experImental burn data (Mudan,1984) ApplYIn!? these


two damage crIterIa, the above equatIOns were rearranged to solve for hazard


dIstances X 10 and X 05 for fatalIty and Injury, respectIvely


X lO = 0 30
0
~48EP057


X = 0 43 R p EpO 57
05 03048


where


XlO = RadIus for expected fatalItIes, feet
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Xos = RadIus for expected mJUrIes, feet


B.ll Fireball Model


A large release of a liquefied hydrocarbon (e g , propane) may burn m the


form of a fireball When thIS occurs, the fireball grows larger and also


moves upwards contmuously because of buoyancy The thermal radIatIOn


depends on the SIze of the fireball, the dIstance to the observer (whIch IS


contmuously changmg), and the observer's OrientatIOn ExperImental data


and observatIOn mdIcate that the duratIOn of a fireball IS typIcally a few


seconds Therefore, the mCIdent flux at an observer locatIOn changes rapIdly


WIth tIme, and as before, IS dependent upon flame shape, emISSIve power,


attenuatIOn and VIew factor (See Fay et al [17])


Due to the tranSIent nature of both the SIze and locatIOn of a fireball, the


thermal radIatIOn field also varIes WIth time The equatIOns that follow


define the maxImum dIameter and heIght the fireball attams m a short du


ratIOn, as well as the safe separatIOn dIstances for fatalIty and mJury Several


sImphfymg assumptIOns have been made m the calculatIOn procedure These


are summarIzed below


• The fuel IS propane or has SImilar characterIstics


• AmbIent temperature IS 20 degrees C (68 degrees FahrenheIt)


• AtmospherIc absorptIOn of thermal radIatIOn IS negligIble


• FractIOn of combustIOn energy radIated = 0 2


• Observer IS at ground level


• DIrectly under the fireball, the hIgh levels of thermal radIatIOn would


be fatal Therefore, the illlrumum fatalIty zone IS equal to half the


maxImum dIameter calculated
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A series of experiments mvolvmg pure vapor samples of methane, ethane,


and propane suggest geometric and dynamIc scalIng relatIOnshIps for the


geometry of fireballs (Fay & LewIs,1977) The first of these mvolve the


maximum dIameter, heIght, and duratIOn of the fireball accordmg to the


followmg equatIOns


Dmax = 16W1/ 3


Z = 263W1/ 3


T 223W1/ 6


(B 48)


(B 49)


(B 50)


where-


W = Mass m vessel, lbs


Dmax = MaxImum dIameter of fireball, ft


Z = MaxImum heIght of fireball, It


T = DuratIOn of fireball, seconds


Based on extensIve expenmental data on pigskm burns, damage Criteria for


fatalIty and mJury have been establIshed A Crztzcal Energy Model ,whIch


assumes that the burn seventy depends upon the amount of energy that IS


absorbed by the skm after the surface temperature reaches 55 degrees C,


prOVIdes a basIS for the damage CriterIa from fireballs These CrIteria repre


sent two levels of thermal radiatIOn a heat flux m excess of 160 kiloJoules


p~r square meter (kJ1m2) could be fatal for humans due to IrreversIble


skm tissue damage A lesser level of 40 kJ1m2 could cause pam or mIld


second-degree burns (Modeled, Wong and Wilhams, 1973) Therefore, m


thIS calculatIOn scheme, these two values have been used to define the safe


separatIOn downwmd dIstances from a fireball for fatalIty and mJury, respec


tIvely (Mudan & DesgroseI1hers,1981) SImple equatIOns were developed by


numerical analysIs of results from the ngorous model of fireball hazards
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The safe separatIOn dIstance for fatalIty, XF, m feet, was found to be


XF = 148Wo 56 W ~ 2000 lbs


XF = 80W0 33 W < 2000 lbs


(B 51)


(B 52)


Note: The mmzmum fatalzty zone equals half the calculated fireball dzameter


Dmax , ze the fireball radws Thzs assumes that anyone dzrectly under the


fireball zs m a fatalzty zone


For Injury, the safe separatIOn dIstance, XI, m feet, IS


XI = 453W0 52 (B 53)


Note For mass W less than 2000 lbs, the hazard zones are lzmzted to the


zmmedzate vzcmzty of the fireball


B.12 Flame Jet Model


The flame length expreSSIOn for momentum dommated Jets IS based on mod


els m the hterature WIth correlatmg experImental data (See [25,28]) Flame


length IS proportIOnal to the molecular weIght of the fuel relatIve to aIr, and


the dIameter of the Jet, In addItIOn, It IS mversely proportIOnal to the lean


hmIt concentratIOn of the fuel


For turbulent flame Jets, the Jet momentum governs the shape of the flame


In addItIOn, the momentum-mduced mIxmg WIth ambIent aIr IS very effiCIent


and results m hIgher effectIve emISSIVe powers for Jet flames A detaIled flame


jet model takes these dIfferences mto account to estImate mCIdent fluxes at


VarIOUS locatIOns


The flame length correlatIOn by BrzustowskI (1973) for momentum- domI-
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nated Jets IS gIven by the followmg equatIOn


Flen = 1050JMa


DJet Gel MJ


where


F'zen = Flame length, m


DJet = Jet dlameter,m


Gel = Lean lImIt concentratIOn, vol%


M a = Molecular weIght of air


MJ = Molecular weIght of fuel


Some of the theoretIcal assumptions in thIS model are as follows


(B 54)


• For turbulent, momentum-dommated flame jets, flame length IS mde


pendent of mass flow rate


• In order to account for both vIsible and non-vIsIble portIOn of flame


length, a concentratIOn CrIterIon IS applIed EssentIally, the end of a


turbulent illffusIOn flame occurs at that pomt on the longItudmal axIS


where the fuel concentratIOn equals ItS lean lImIt In VIew of extensIve


laboratory data, thIS assumptIOn appears valId


• Effect of crOSSWInd on flame length not Included


• The mCIdent flux levels for observer locatIOns at radIal dIstances from


the flame are not computed Smce the dIrectIOn of the Jet cannot be


predIcted, It IS assumed that the hazards In the longItudmal (axIal)


dIrectIOn represent the maxImum dIstance of Impact


• The flame length IS correlated agaInst a Jet pseudo-illameter for ex


panded turbulent Jets


• The model does not dIstIngUIsh among vertIcal, hOrIzontal, or mclIned


Jet flames
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• Hazards are evaluated at the plane of the jet For jet flames at an


elevatIOn, the heIght and OrientatIOn of the jet should be consIdered


The thermal radIatIOn hazards from flame jets have been estImated by char


acterIZIng the flame length as a a functIOn of the fuel, and assumIng tWIce


the length dImensIOn to represent the hazard zone


The primary purpose of the model IS to POInt out possIble knock-on ef


fects. The thermal radIatIOn hazards to personnel are generally exceeded by


potentIal damage to eqUIpment whIch may be In the path of a flamIng Jet


B.13 Vapor Cloud Fire Model


ThIs method IS apphcable for a cloud or plume of flammable vapor whIch


IS released to the atmosphere and IS Igmted as It drifts downwmd A


flame burns and propagates through the space occupIed by the cloud The


hazard zone IS defined by the length and WIdth dImensIOns of thIS cloud


ARCHIE uses the model for toXIC vapor dIspersIOn for neutrally buoyant


gases or vapors and a sImphfied heavy gas model for negatIvely buoyant


gases to determIne the length and WIdth of the hazard zone The heavy gas


procedure was developed as follows


• USIng the results of a detailed heavy gas model applIed to a number


of pressurized releases, logarithmIC plots were developed for Instan


taneous and steady-state releases at neutral (Pasqillll D) and stable


(Pasqillll F) atmospherIC condItIOns The model was exerCIsed for var


IOUS flammable materials, such as propane, ethylene, ethane, butane,


and LNG, over a WIde range of release rates and quantItIes The dIS


tance to the lower flammablhty lImIt (LFL) was calculated and corre


lated WIth a dImenSIOnal parameter, whIch IS a functIOn of the release
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rate (or quantIty for mstantaneous spIll scenarIos), and selected prop


ertIes of the materIal, such as molecular weIght and LFL The resultmg


correlatmg expreSSIOns were found to yIeld good apprOXimatIOns ot the


more rIgorously calculated downwmd hazald zones under a gIVen set


of atmospherIC condItIOns and wele mcmporated mto ARCHIE


• All releases were assumed to OCCUl at or neal groundlevel Elevated


releases of heavy gases are assumed to fall to the ground before dIS


persmg


• AmbIent temperature was assumed to be 20 C


• In order to estimate the maXimum clOsswmd dImenSIOns of the cloud,


the results of the more detaIled model wele agam revIewed and cor


related resultmg m a senes of lUles-of-thumb that are applIed under


varIOUS release condItIOns


• The effects of fimte release duratIOn wele mcluded m a semI-quantitatIve


manner GIven a release rate and duratIOn, the model assumes steady


state, and computes the downwmd hazard dIstance The characterIS


tIC travel time of the cloud to tIllS dIstance IS then compared to the


release duratIOn If the release dUlatIOn IS sIgmficantly larger than the


charactenstlc travel tIme, then the steady state assumptIOn IS conSId


ered valId, If It IS smaller, then the lelease IS modeled as mstantaneous


Where the two terms are comparable m magllltude, filllte dUlatIOn ef


fects may be sIglllficant In general, the model predIcts that, for a


gIven quantIty of flammable mateual, a shm tel release duratIOn re


sults m a larger hazard zone Smce an release assumptIOn prOVIdes


the largest zone, relatIvely shmt-dUlatIOn releases were assumed to be


mstantaneous


Readers should note that dIsperSIOn dIstances computed usmg the neu


trally buoyant vapor dIsperSIOn model are generally 2 to 5 tImes larger
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than those USIng the heavy gas model SInce the wIdth of the flammable


zone typICally ranges from 16 to 50 % of the downwInd dIspersIOn dIstance,


ARCHIE assumes 50 %of the downwInd hazard as beIng the approXimate


total cloud wIdth for neutrally buoyant gases and vapors
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B.14 Unconfined Vapor Cloud Explosion Model


The explosIve effect that may be produced by the IgrutIOn of unconfined


flammable vapor clouds IS one of the less frequent but severe consequences


of spIlls Although the preCIse form of the vapor cloud explosIon IS stIll not


fully understood (detonatIOn vs hIgh speed vs low speed deflagratIOn), It IS


common practIce to express the energy released as a TNT-eqUIvalent charge,


and utIhze extensIve overpressure data aVaIlable for TNT explosIOns (Zab


etakIs [53]) ThIs IS accomphshed by comparIng the combustIOn energy per


urut mass of a vapor cloud WIth that of TNT, and takIng Into account that


only a fractIOn of the energy In the cloud wIll contnbute to the explOSIOn


Overpressure data complIed from measurements on TNT explOSIOns are then


used to relate overpressure to dIstance from the explosIOn Tables Bland


B 2 show typICal damage CrIterIa as a functIOn of overpressure for all types


of explOSIOns
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TABLE B.l
Explosion Overpressure Damage Estimates


Overpressure-
(psig) Expected Damage


0.03 Occasional breaking of large windows already under stress.


0.04 Loud noise (143 ~); sonic boom glass failures.


0.10 Breakage of small windows under strain.


0.15 Typical pressure for glass failure.


0.30 Some damage to house ceilings; 10% window glass breakage.


0.40 Limited minor structural damage.


0.50-1.0 Windows usually shattered; some window frame damage.


0.7 Minor damage to house structures.


1.0 Partial Demolition ofhouses; made uninhabitable.


1.0-2.0 Corrugated metal panels fail and buckle.
Housing wood panels blown in.


1.0- 8.0 Range for slight to serious injuries due to skin lacerations from flying
glass and other missiles.


1.3 Steel frame ofclad building slightly distorted.


2.0 Partial collapse of walls and roofs ofhouses.


2.0-3.0 Non-reinforced concrete or cinder block walls shattered.


2.3 Lower limit of serious structural damage.


2.4-12.2 Range for 1-90% eardrum rupture among exposed populations.


2.5 50% destruction ofhome brickwork.


3.0 Steel frame building distorted and pulled away from foundation.


3.0-4.0 Frameless steel panel building ruined.


4.0 Oadding of light industrial buildings ruptured.


5.0 Wooded utility poles snapped.


5.0-7.0 Nearly complete destruction ofhouses.


7.0 Loaded train wagons overturned.


7.0- 8.0 8-12 in. thick non-reinforced brick fail by shearing of flexure.


9.0 Loaded train box cars demolished.


10.0 Probable total building destruction.


15.5 -29.0 Range for 1-99% fatalities among exposed populations due to direct
blast effects.


*These are the peak pressures formed in excess ofnormal atmospheric pressure by blast and
shock waves.
Source: Lees, F.P, Loss Prevention in the Process Industries. Vol. 1, Butterworths, London and
Boston, 1980.
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The most serIOUS hmItatIOn of the TNT-eqUIvalent model for use m evaluat


mg tills type of scenarIO IS that It may overestImate overpressures m the near


field TNT detonates and produces extremely hIgh pressure shock waves at


short dIstances WIth complete destructIOn of practIcally everythIng wIthm


the ImmedIate area Several actual unconfined vapor cloud mCIdents seem


to indIcate, however, that the overpressure WIthIn the near field IS well below


the level predlcted by the TNT eqUIvalent model Based on these data, the


Health and Safety ExecutIve m England (HSE second report [26]), suggests


that the maxlmum overpressure resultmg from an unconfined vapor cloud


explosIOn model be hmIted to 1 bar (15 pSI) and thIs recommendatIOn, WIth


a mInor exceptIOn, IS mcorporated mto ARCHIE


Of the total energy aVaIlable for explOSIOn, only a fractIOn (gIven by the


yIeld factor) actually contrIbutes to the explOSIve effect The yIeld factor


IS probably the most Important, yet least preCIsely known parameter m


explosIOn hazard analYSIS It generally ranges from 2 to 20 percent FOl


most allphatIc hydrocarbons, 3 percent IS a commonly recommended value


For certam alkenes, approXImately 6 percent has been observed Those fuels


that contam oxygen tend to have a hIgher explOSIve yIelds, of up to 16-18


percent Table B 3 presents typICal yIeld factor values for several chemIcals
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TABLE B.3
Yield Factors for Explosive Vapors and Gases


Substances Wllh Yield Factors of Y = 03


Acetaldehyde 3-Methyl-Butene-l


Acetone Methyl-Butyl-Ketone


Acrylonlmle Methyl Chlonde


Amyl Alcohol Methyl-Ethyl-Ketone


Benzene Methyl Fonnate


1,3-Butadlene Methyl Mercaptan


Butene-1 Methyl-Propyl-Ketone


CArbon MonOXide Monochlorobenzene


Cyanogen N-Amyl Acetate


1,1-Dlchloroethane Naphthalene


1,2-Dlchloroethal'e N-Butane


DI-Methyl Ether N-Butyl Acetate


Dimethyl Sulphide N-Decane


Ethane N-Heptane


Ethanol N-Hexane


Ethyl Acetate N-Pentane


Ethylanune N-Propanol


Ethyl Benzene N-Propyl Acetate


Ethyl Chlonde O-Dlchlorobenzene


Ethyl Cyclohexdne P-Cymene


Ethyl Fonnate Petroleum Ether


Ethyl Propnonate Phthalic Anhydnde


Furfural Alcohol Propane


Hydrocyanic ACid Propnonaldehyde


Hydrogen Propylene


Hydrogen Sulphide Propylene Dlchlonde


Iso-Butyl Alcohol P-Xylene


Isobutylene Styrene


Iso-Octane Tetr'.lfluroethylene


Iso-Propyl Alcohol Toluene


Metlt.ll.lmllle Ylllyl Acet.lte


Meth.lne Ymyl Chlonde


Meth.mol Ylllyhdene Chlonde


Methyl Acet.lte Water Gas


Substance~ With Yield Factors ofY - 06


Acrolelll Ethylene


C.lrbon Dlsulphlde Ethyl Nltnte


Cy"lohex.mc Methyl-Ymyl-Elher


DI-Ethyl Ether Phth.llic Anhydride


DI-Ylllyl Ether Propylene OXide


Substances Wllh Yield Factors of Y = 19


Acetylene Isopropyl NItrate


Ethylene OXide Methyl Acetylene


Ethyl Nllrate Nltromethane


Hydrazllle Ymyl Acetylene
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Although overpressures m the neal field may be sIgmficantly ovelestlmated,


estImates of overpressure expellenced m the fal field are belIeved to be more


accurate and applIcable Note that the fal field legIOn IS usually of greater


interest because a relatIvely small pieSSUle rIse IS sufficIent to cause faIlures


of bUlldmgs and structures


It should be noted that the model m ARCHIE does not account for umg


mted cloud drIft For the total explosIOn hazald zone, a drIft factor, calcu


lated usmg the vapOl cloud file model, must be added to the ladlal over


pressure dIstance ThIS explams the note to uselS m Chaptel 12 that the


center of the equatIOn can be anywhele wltilln the hazald zone computed


by the vapor cloud file model fOl the LFL boundalY


Note that the model gIves the user a chOIce of computmg radIal hazard zone


dIstances for a free sphellcal all explosIOn (above ground) or glOundlevel


explosIOn (heml-sphellcal) The dIstances calculated by ARCHIE for flee


alr events are lesser by a factOl of 1 260 than glOundlevel haZald zone dIS


tances


Selected simplIfymg assumptIOns made m the calculatIOn procedUle are


• AmbIent temperatUle is 20 deglees C (68 deglees FahrenheIt)


• The mass of explOSIve IS compaled agamst an eqUIvalent charge of


TNT


• The effects of teuam, bUlldmgs, obstacles have not been consldeled


The calculatIOnal procedUle Itself begms by computmg the adjusted eqUIV


alent mass of TNT usmg the followmg equatIOn


(B 55)


where
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mTNT = TNT eqUIvalent mass, Ibs


t::.Hc = Lower heat of combustIOn, kcaljkg


mcloud = Mass In cloud, Ibs


YJ = YIeld factor


The dIstance to a gIven overpressure IS then calculated from the equatIOn


x = m¥~T exp (35031- 0 7241ln(Op) + 0 0398(lnOp)2)


where


x = DIstance to gIven overpressure, It
Op = Peak overpressure, PSt


(B 56)


Data III Lee's [36] whIch provIde the curve of overpressure versus scaled


dIstance were utIlIzed to obtaIn these workIng equatIons USIng regressIOn


analysIs


B.15 Tank Overpressurization Explosion Model


As dIscussed III Chapter 5, explosIOn hazard zones {;an also result from the


VIOlent rupture of an overpressurIzed contamer wIthout combustIOn takmg


place The energy that produces the overpressure field comes from the vol


ume and mternal pressure of the vapor space m the contamer Thus, a nearly


empty pressurIzed contaIner of gas can be a more severe explOSIOn hazard


than a contaIner nearly full of lIqUId that ruptures at the same pressure


ARCHIE utIlIzes a model that assumes that the tank ruptures m manner


III whIch the blast wave propagates omru-dIrectIOnally (See Baker [3]) It


assumes a ground level, heffil-sphencal field and yIelds ground level hazard


zones If the ruptured contaIner IS elevated, calculated hazard zone dIstances
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should be reduced by a factor of 1 26 to yIeld the radIal hazard zone from


the center of the explOSIOn


The computatIOnal algorIthm proceeds as follows


1. Calculate the ratIo Pt / Pa where Pa IS the absolute ambIent pressure


and Pt IS the absolute mternal gas pressure at whIch the tank IS ex


pected to rupture


2 Compute the ratIo Tt/Ta where Ta IS the absolute ambIent au temper


ature and Tt IS the absolute temperature of the gas m the tank


3 Determme the ImtIal overpressure ratIo, PSG, by solvmg the followmg


equatIOn by trIal and error


f = 0


= In(Pt / Pa ) -In(l + Pso)


~In [1- (,t - l)Pso ]
1- It 2JTt7TaJ,~+ 0 5,aCla + l)Pso


where, I IS the ratIO of speCIfic heat at constant pressure to that at


constant volume


4. Compute the nondImenSIOnal startmg dIstance Ro from


1
Ro = 1/3


[
¥ (;:;-1)]


7.-1


5 compute the value of R from


T
R = -----,-;::-


[
v (;:;-1)] 1/3


7.-1


where,


B-46


(B 57)


(B 58)







v = Volume of the gas m the tank


r = DIstance from the center of the tank at whIch the sIde-on over


pressure IS desIred 4


6 Locate the pomt assocIated WIth Pso and Ro on FIgure B 2 ThIs IS


the startmg pomt 5


7 Follow the nearest curve for Ps vs R to the R value computed m step


5 Read the Ps value assocIated WIth thIs R value If the gas vessel IS


on the ground and/or close to a reflectmg surface, mcrease Ps by 100


% for R less than 1 and by 10 % for R greater than 1


8 The sIde-on overpressure IS determmed by muitiplymg the above re


sultant value of Ps by the absolute value ambIent atmospherIc pressure


Pa


If the volume of the gas m the burstmg tank IS better represented by a


cylmder 6 than a sphere, adjust the above result for SIde-on overpressure as


follows


• For R less than 03, the calculated overpressure should be multIplIed


by a factor of 4 or 5


• For R near 10, multIply the answer by a factor of 16


• for R greater than about 35, multIply the answer by a factor of 14


Note that the dIfference between spherIcal and cylmdrIcal vessel bursts IS


only known qualItatively Therefore, the correctIOns are very crude


4The above equatIOn IS for gas vessel bursts far from reflectmg surfaces If the gas


vessel IS on ground, multIply V above by a factor of 2, as IS done m ARCHIE
5 ARCHIE uses a curve fit of thIS graph
6 Although not dIscussed WIth respect to thIS estImatIOn procedure, NASA workbooks


tYPIcally assume cyhnders have a length to dIameter ratIO of 10 while spheres have a ratIO


of one
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FiBure B.2: Ps vs. R for Overpressure Calculat1ons. Taken from Baker
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i B.16 Condensed Phase Explosion Model


Tlus model calculates the explosIOn hazard zones resultmg from the deto


natIOn of sohd or hqUld explosIves ThIs method IS essentIally the same as


the TNT model upon whIch the prevIOusly descnbed UVCE model IS based


Tlus model takes mto account the dIfference m aVailable combustIOn energy


between the matenal of concern and TNT Smce the explosIve matenal WIll


also detonate, the yIeld factor IS umty and no hmit IS placed on the near


field overpressures
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APPENDIXC


OVERVIEW OF "SHELTER-IN-PLACE" CONCEPfS


Introduction


There are essentlally two ways to protect the pubbc from the effects of tOXIC gas or
vapor dIscharges mto the atmosphere. One of these methods IS evacuatlon and mvolves
relocatlon of threatened populatlons to shelters m safer areas The other mvolves gIvmg
instructlons to people to remaIn mSIde therr homes or places of busmess untll the danger
passes In other words, it mvolves telbng people to "shelter-m-place."


Evacuatlon IS clearly safer WIth respect to the speCIfic hazards posed by a tOXIC gas or
vapor release but has certatn hmttatlons and may pose new problems For example, it IS
fairly well apprecIated that a major evacuatlon takes tlme and may not be feaSIble once large
amounts of tOXIC gases or vapors have actually entered the atmosphere Indeed, askmg
people m the path of a tOXIC cloud or plume to leave therr homes may actually cause greater
harm than good m some cases. Thus, large-scale evacuatlons m response to tOXIC gas or
vapor hazards are best conSIdered when.


• There is a strong potentlal for a toXIC discharge, the discharge has not yet
taken place, and there appears to be ume available to relocate people.


• The discharge has taken place but people are suffiCIently far downwmd to
permtt tlme for evacuatlon.


• People not yet m the dtrect path of a cloud or plume are threatened by a
future shIft m the wmd dtrectlon.


• The safety hazards of evacuatlon are outweIghed by benefits of the actlon,
and/or


• Tellmg people to shelter-m-place mtght not fully protect them from senous
consequences.


Much has been written and said over the years pertaining to the merits and
disadvantages of evacuation, but little information has been made available on shelter
ing-in-place, and indeed, far too many people and organizations have come to believe that
sheltering-in-place will provide adequate protection to the public under a wide variety of
circumstances without actually studying the issues involved. It is therefore the purpose of
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this appendix to explain why staying indoors provides some degree ofprotection, to discuss
the degree ofprotection that might be expected, and to discuss how best to instruct the
public to shelter-in-place.


Outside Air Entry Into Buildings


If a bul1dmg or other structure IS autlght, I.e., lIke a sealed box, people Inside wl11 be
completely immune from exposure to any toXIC gases or vapors outSide ItS walls On the
other hand, 1f walls on the upWInd and downwInd sides of the buIlding are miSSIng, these
people will be exposed to the same level of contamInatIon "Indoors" as they would be If they
were in the open. It IS easy to understand, therefore, that the exposure of people InSide a
structure to toxic gases or vapors m the external envrronment IS a functIon of the
"airtightness" of the building and the rate at which outdoor arr passes In and out.


There are essentIally three maIn ways In WhICh arr can enter (and eXIt) a structure, these
being:


• Natural ventilatIon
• Mechamcal ventIlatIon, and
• InfiltratIon


Natural ventIlatIon refers to entry of outdoor arr Into a building through open wmdows
or doors WIthOUt assistance from fans. ObVIously, the more openIngs In a buIlding, the
greater the rate at WhICh outdoor arr can pass through. Occupants can generally control thIS
rate by opening and closing vanous WIndows and doors


Mechamcal ventilatIon refers to the use of fans and other eqUIpment to bnng arr Into a
bulldmg, pOSSIbly heat, cool, filter, and/or recIrculate It several tImes, and then exhaust It
from the structure. ThIs type of system IS most often seen In office buIldings, other
commercial establIshments, and factones. As above, occupants usually have conSIderable
control over the rate ofventIlatIon.


Infiltration IS arr leakage Into a buIlding through cracks and small openmgs around
windows and doors and through floors and walls The rate at WhICh arr enters a buIlding by
this mechanism depends on the type of buIlding, workmanshIp and matenals apphed dunng
construction, and the conditIon of the buIldIng. InfiltratIon differs from natural and
mechanical ventilatIon In the sense that occupants are generally conSIdered to have httle
effective control over ItS rate. The total rate at WhIch outdoor arr enters a buIlding, for the
purposes of thIs discussion, can be conSIdered as being the sum of the three types of
ventilation descnbed above.
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Rates of outdoor arr ventilation are typIcally expressed m umts of arr changes per hour
(acph), thIS bemg the number of buIldIng volumes of outdoor arr that enter the buIlding or
other structure m the course of an hour For example, If a buIldIng has an mternal volume of
10,000 CUbIC feet, and 20,000 CUbIC feet of outdoor arr enters the bUlldmg each hour, Its total
"fresh arr" ventilation rate IS saId to be 2 0 acph If only 5,000 CUbIC feet of arr enter the
buIldIng m the same span of time, the rate becomes 0 5 acph


The natural ventilatIOn rate m structures With open wmdows and doors can vary WIdely
and depends on the area of openmgs, the wmd speed, the onentation of openmgs WIth respect
to the wmd dIrection, and the buIldmg volume It could be as lIttle as a fraction of 1 0 acph
or as hIgh as 80-90 acph, and possIbly even more If resIdents do not mmd a strong breeze
blowmg through the structure on a Windy day


MechanIcal ventilation rates m office bUlldIngs and the lIke typIcally range from 4 to
12 acph WIth certam exceptions Dunng pleasant weather, 90 to 100 percent of thIS arr mIght
be from the outdoors In very cold or very hot weather, buIldIng operators often have the
option to reduce heating or coolmg costs by lowenng the fresh arr entry rate to 5 to 35
percent of the mechanIcal ventilation rate by recIrculating (reusmg) large volumes of arr.


There are a great many factors that mfluence mfIltration rates m homes and other
bUlldIngs When outdoor wmd velOCItieS are very low and mdoor-outdoor temperature
dIfferences are mImmal, mfIltratIon rates may be as low as 0.1 acph The average rate In


Amencan homes, however, IS on the order of 0.8-0.9 acph, and "leaky" homes may
expenence 2 5 acph or so, espeCIally under poor weather condItionS With hIgh wmds and low
temperatures Avmlable data on other types of buIldIng construction are lImIted but suggest
an average mfiltratIon rate of about 1.0 acph for office-type bUlldmgs


Effect of Total Outdoor Air Ventilation Rates on Indoor Exposures


The overall subject of how outdoor arr pollutants can affect exposures mdoors IS rather
complex and IS best dIscussed usmg two examples, one for the case when a dIstinct cloud of
arrborne contamInants passes a buIldIng, and another for the case when the buIldIng IS
engulfed by a plume of vapor or gas for a prolonged penod of Ume The cloud IS assumed to
pass m a total time penod of 30 mInutes, whIle the plume IS assumed to last 10 hours Both
the cloud and plume are assumed to have an average contamInant concentratIon of 100 ppm
for the duratIon of theIr eXIstence at any outdoor location.


Table C 1, developed from a mass balance model of mdoor-outdoor pollutant
relationshIps, presents average mdoor contamInant concentrations expected for the cloud
scenano when outdoor arr ventIlatIon rates range from 0.1 to 50 acph Important observa
tions are that:
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TABLEC.1
INDOOR CONCENTRATIONS FOR HYPOTHETICAL CLOUD PASSAGE


Internal Concentrations (ppm) at Various Air Change Rates (acph)


Time 0.1 0.5 1.0 1.5 2.0 2.5 5.0 10.0 50.0
(minutes) acph acph acph acph acph acph acph acph acph


0 0 0 0 0 0 0 0 0 0


5 08 4.1 80 118 15.4 18.8 34.1 565 98.4


10 1.7 8.0 154 222 283 34.1 565 81.1 100


15 25 118 22.1 313 393 465 71.3 918 100


20 3.3 154 283 393 487 565 81.1 964 100


25 4.1 188 341 465 565 64.7 875 984 100


30 49 221 393 528 632 71.3 918 993 100


40 4.8 203 333 411 453 470 399 18.8 0


50 47 187 282 320 324 310 173 3.5 0


60 46 172 238 249 233 204 75 0.7 0


90 4.4 13od. 14.5 118 86 59 06 0 0


Note. The cloud IS assumed to have an average concentratlon of 100 ppm outdoors. Its leadmg edge
reaches the bmldmg at tune equals zero. Its trailing edge passes the bmldmg at nme equals 30
mmutes, at whlch pomt mtemal contammant concentratlons begm to drop







• Indoor concentranons mcrease steadIly unnl the pomt m nme that the
dIscharge ceases and the last of the arrborne contannnanon passes a
buIldIng.


• TIght bUlldIngs or average buI1dmgs m hIghly favorable weather, Wlth arr
change rates of 0 1 acph, are expected to expenence a peak mdoor
contannnant concentranon only 5 percent of the outdoor average after 30
mlnutes. Due to the lack of vennlatIOn, however, mdoor levels Wlll drop
slowly after the cloud has passed


• I1Averagel1 homes and buIldIngs under average condInons, wIth arr change
rates of 0 5 to 1 0 acph, may expenence mdoor concentranons on the order
of 20-40 percent of outdoor levels after 30 mlnutes


• I1Leakyl1 bUlldmgs or average bUlldIngs exposed to severe weather cond1
nons, WIth arr change rates of 1 5 to 2 5 acph, may expenence 45 to 65
percent of outdoor concentranons m 30 nnnutes


• BUlld1ngs that have open wmdows or doors or mechanIcal vennlanon
systems bnngmg m outdoor arr at hIgh rates wl1l expenence contannnant
concentranons close to those expenenced outdoors.


• Peak mdoor levels WIll be lower If the cloud passes m less than 30 mmutes
and hIgher If the cloud reqUIres more than 30 mlnutes to pass


• There are benefits to be realIzed by telhng people to open theIr wmdows
and turn on ventllanon systems as soon as possIble after the danger has
passed ThIS wI1l help "flush out" any contannnants trapped in bUlld1ngs


Table C 2 demonstrates average mdoor contannnant concentranons expected whIle a
bUlld1ng IS exposed to a plume of vapor or gas for 10 hours Outdoor aIr vennlanon rates on
the table agam range from 0 1 to 50 acph Important observanons are that·


• Indoor concentrations mcrease steadl1y untIl the pomt m time that the
d1scharge ceases and the last of the aIrborne contannnatIon passes a
bUlld1ng


• Average bUlldIngs under average weather condItIOns, WIth outdoor arr
ventI1atIOn rates of 0 5 to 1 0 acph, wI1l have mdoor contannnant concentra
nons of 40 to 65 percent of those outdoors m an hour, 60 to 85 percent or so
m two hours, and 75 to 95 percent m three hours BuI1dmgs WIth hIgher
rates of outdoor arr entry WIll requIre less time to reach these levels
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TABLEC.2
INDOOR CONCENTRATIONS FOR HYPOTHETICAL PLUME EXPOSURE


I Internal Concentrations (ppm) at Various Air Change Rates (acph)


Time 0.1 0.5 1.0 1.5 2.0 2.5 5.0 10.0 50.0
(hours) acph acph acph acph acph acph acph acph acph


0 0 0 0 0 0 0 0 0 0


1 9.5 39.3 632 777 865 918 993 100 100


2 181 632 864 970 982 99.3 100 100 100


3 259 77.7 950 989 998 99.9 100 100 100


4 330 864 982 99.8 100 100 100 100 100


5 39.3 918 993 999 100 100 100 100 100


6 45.1 950 998 100 100 100 100 100 100


7 503 970 999 100 100 100 100 100 100


8 551 982 100 100 100 100 100 100 100


9 593 989 100 100 100 100 100 100 100


10 632 993 100 100 100 100 100 100 100


11 572 602 36.8 223 135 82 07 0 0


12 51.7 365 135 50 1.8 07 0 0 0


Note: The plume IS assumed to have an average concentratIon of 100 ppm outdoors. Its leadIng edge reaches
the bUIldIng at ttme equals zero Its trathng edge passes the bOOdIng at ttme equals 10 hours, at whtch
ttme mtemal contammant concentratIons begm to drop.







• Sheltenng-m-place may not make sense when dIscharges are expected to be
prolonged and outdoor concentranons are expected to be harmful


Recommended Shelter-In-Place Instructions


The previous secnons have demonstrated the crrcumstances under which shelter
mg-m-place can proVide some degree of protecnon from tOXiC gases and vapors m the
atmosphere and those crrcumstances under which the pracnce may not be effecnve They
have also demonstrated hmltanons of the pracnce and shown how mmlmlzanon of outdoor
air mfiltranon and/or ventilanon rates mto buildIngs is enncal. This secnon draws upon the
mfonnanon presented above and substannal other data to present a hst of suggested
mstrucnons to be given populanons asked to shelter-m-place, these bemg:


1. Close all doors to the outside and close and lock all wmdows (wmdows
somenmes seal better when locked)


2. BuildIng supenntendents should set all vennlanon systems to 100 percent
recrrculanon so that no outside air is drawn mto the structure Where thiS is
not possible, vennlanon systems should be turned off.


3. Turn off all heatIng systems


4. Turn off all air-condIttoners and sWitch mlets to the "closed" pos!Uon Seal
any gaps around window type air-condInoners With tape and plasnc
sheetIng, wax paper, or alummum wrap


5. Turn off all exhaust fans m kitchens, bathrooms, and other spaces


6. Close all frreplace dampers


7. Close as many mternal doors as possible ill your home or other buildIng


8. Use tape and plastic food wrappmg, wax paper, or alummum wrap to cover
and seal bathroom exhaust fan gnlles, range vents, dryer vents, and other
opemngs to the outside to the extent poSSible (mcludIng any obViOUS gaps
around external wmdows and doors).


9 If the gas or vapor is soluble or even partIally soluble m water -- hold a wet
cloth or handkerchief over your nose and mouth 1f the gases start to bother
you For a higher degree of protecnon, go mto the bathroom, close the
door, and turn on the shower m a strong spray to "wash" the air Seal any
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opemngs to the outsIde of the bathroom as best as you can. Don't worry
about runnmg out of air to breathe. That IS hIghly unlIkely m normal
homes and bul1dings.


10. If an explosion is possible outdoors -- close drapes, curtaIns, and shades
over wmdows. Stay away from external wmdows to prevent potentIal
injury from flying glass.


11. Mmlmlze the use of elevators in buildings. These tend to "pump" outdoor
air in and out of a building as they travel up and down.


12. Tune into the Emergency Broadcast System on your radio or television for
further mformaoon and guidance.


As a f'mal note, be advised that this appendix mostly deals WIth the problem of toxic
gases and vapors in the atmosphere. Smce these substances can pass through tiny spaces
where dusts and other aerosols in air may not, sheltering-in-place may provide a much
greater degree of protecoon when airborne contammants are m the form of liquid or solid
particles.


Technical Basis for Internal Concentration Estimates


Given the potential Importance of this topic and the possIble deSIre of emergency
planning personnel and others to undertake more formal analyses of indoor/outdoor pollutant
relationships in occupied structures, this subsecoon of the appendix presents the technical
basis for the estimates shown in Tables C.I and C.2.


FIgure C.1 illustrates a structure WIth a forced arr venolaoon system With an initIal
assumption that all external wmdows and doors to the structure have been closed, outdoor air
with a contammant concentration of C_ enters the internal space Via mflltratIon and a
mechanical make-up arr system (I.e., a system using one or more fans to force arr mto the
structure to replace arr supphes bemg exhausted to the outdoors Via exhaust fans). Besides
being mechanically forced out, air also eXIts the structure VIa exfiltration m a process similar
but opposite to infiltraoon.


As is the case m most structures WIth forced arr systems, heaong and/or cooling costs
are minimized by recuculatlng some fracoon of the total internal ventIlaoon rate through an
air filter of some type before reintroduction to OCCUpIed spaces. For completeness, the
illustration also shows a source of arrborne contammants WIthin the structure Itself, though
the actual presence of such a source is unlikely m the case of the vast maJonty of hazardous
materials that may be released to the external enVlIOnment.
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Table C.3 presents a fonnal derivatIon of the equatIon necessary to evaluate the
buildup of mternal contamInant concentratIon (C) in the structure as a functIon of elapsed
tune (t) when the structure IS first exposed to contannnatIon at tIme '\". The resultmg
equation is then simplIfied for use WIth structures m whIch forced-arr ventIlatIon systems are
turned off (or never existed m the rrrst place) m response to emergency shelter-m-place
instructions from pubhc authontIes. ThIs equatIon IS only valId up to the mstant m tIme that
the trailing edge of the external contammant cloud or plume passes the structure and
therefore only applies wlnle contamInant concentratIons are mcreasmg mdoors If It IS
desired to express the natural atr mrlltratIon rate m umts of atr changes per hour (acph), and
this rate IS simply shown as Q, the buildup phase equatIon becomes:


C = C_ [1- exp (-Qt)]


Thus, if external concentratIon C_ equals 100 ppm, the total ventIlatIon late IS one atr change
per hour, and the structure has been engulfed m a plume for one-half hour, the mternal
contamInant concentration can be estunated as bemg 39.3 ppm.


Once the trailing edge of a cloud or plume passes a structure, the external envrronment
will be generally free of contamInatIon, but It will take addItIonal tIme for contamInants to be
purged from the structure If new sources of fresh atr are not mtroduced DenvatIon of the
equation for the purgmg phase of contamInatIon IS SImIlar to that shown m Table C 3 untIl
the final steps. Instead of bemg equated to zero, the parameter CO IS used to represent the
concentratIon m the structure at the mstant the traIlmg edge of the cloud or plume passes
Similarly, parameter to IS equated to the elapsed tIme of thIs occurrence, and finally C.... IS set
to zero. The resulting equatIon for the purgIng phase becomes'


C = Co exp [- Q (t-t)]


Thus, If the trailing edge of a plume passes a structure m an elapsed tIme (t) of one-half
hour, the internal contannnant concentratIon (Co) IS 39.3 ppm at thIS tIme, the total ventIlatIon
rate IS one atr change per hour, and it desrred to determme the mternal concentratIon (C) at a
total elapsed time of one hour from InItIal exposure of the structure, the above equatIon can
be used to predIct a concentratIon of 23.8 ppm.


The model IS based upon several assumptIons requmng explanatIon These mvolve'


• Perfect mIxing
• Use of a smgle compartment
• Neghgible depOSItIon or decay of contammant
• Perfect atr balance
• Constant external contamInant concentratIon
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TABLEC.3
DERIVATION OF MODEL FOR CONTAMINANT


BUILDUP PHASE IN STRUCTURES


Rate of Accumulatwn = Rate of Generatwn - Rate of Removal


VdC = Gdt + CMUQ1dt + CMUQMUdt + (l-ry)CQRdt - CQxdt - CQExdt - CQRdt


1 t C dC


V to dt = !co G + CMUQI + CMuQMU + (l-ry)CQR - CQx - CQEX - CQR


In [G + CMU(QI +QMU) + C 2 (ryQR + Qx + QEX)j _ryQR + c;: + QEX (t _ to)
G + CMU(QI + QMU) - Co(ryQR + Qx + QEX) -


Let A - G + CMU(QI + QMU)


B - ryQR + Qx + QEX


[A -BC] B
In A - BCo


-V (t - to)


C ~ [1 - e-~(t-to)] + Coe-~(t-to)


C G+ CMU(QI + QMU) [1 _ e-~(t-to)]
when Co = 0-


ryQR + Qx + QEX


Note'


1.


2.


3.


4.


5.


6.


Qc + <4x =QMU + Q1 In all cases.


<4x = Q1 when fans are turned off or are not present.


G = 0 where there are no Internal contanunant sources.


QMU =0 and QR =0 when fans are turned off or are not present.


to = 0 when tIme (t) IS measured from the Instant a cloud or plume reaches the
structure.


Co' the Internal contanunant concentratIon at tIme = 0, can be assumed to be zero
when there are no Internal contanunant sources. With these slmphficatIons:


[
-Qlt]C = CMU 1 - e-v-
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The first assumption mvolves the contentIon that all aIr volumes entenng a specIfic
internal area of a structure will mstantly and perfectly nnx WIth all other aIr volumes that
occupy that area. Its use pernnts one to Ignore detaIls of complex mteractIons between aIr
streams of ch:ffenng flowrate and onentatIon, and force attentIon upon the overall average
contammatIon level expected


Earlier literature dealmg With the dIlutIon of aIrborne contamInants WIthm an mdustnal
setting typically suggested that actual contammant levels at specIfic SItes may be greater than
the overall average by a factor m the range of 3 to 10 More recent work, however, has
shown that the ItmIXmg factorlt IS more often on the order of 2, and sometimes consIderably
less than 1 in typICal rooms ThIs latter findIng IS completely lOgical and recognIzes the law
of mass conservation and Its apphcatIon to the scenanos of mterest. In consequence, the
assumptIon of perfect nnxmg has the followmg rannficatIons:


• It ignores the potential adverse effects of Ithotspotslt WIthin a given space,
.and


• It Ignores the potential benefits to the analySIS of locatIons that are less
contammated than average conditions


The assumptIon that the entrre mternal volume of a structure can be treated as a smgle
compartment is essentially an extrapolatIon of the perfect mIxmg assumption from the
boundaries of any specIfic room to the outer boundary of all buIlding areas served by the
same ventIlation system. The advantages and disadvantages of thIS action are analogous to
those itemIzed for perfect mIXing


As formulated, the model does not address the possIbIhty that the contamInant may
become deposited on exposed surface areas or somehow decay. In thIS respect, It may
prOVide conservative results for reactive or partIculate contamInants but underestimate
exposures resulting from radioactive partIcles that have settled on mternal surfaces (and
whIch may pose threats unrelated only to mhalatIon of tOXIC substances) The assumptIon of
a perfect aIr balance SImply contends that the total volumetnc rate of aIr entenng the
structure of mterest IS exactly equal to the rate of aIr leaVing


The assumption that the external contamInant concentratIon IS a constant IS most
SIgnIficant for short duration cloud passage, but can be mItigated by use of an average rather
than peak value for C_ The assumption has httle Impact m the case of relatively long
duration plumes of contaminants evolved at a faIrly constant emISSIOn rate ConSIderation of
time dependent source terms and resulting tranSIent contammatIon levels withm a structure
reqUIres a substantially more sophIsticated computatIonal procedure, albeIt one that would be
based on the same fundamental pnncipies of the model presented herem.
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APPENDIXD


CHEMICAL COMPATmILITY CHART


Introduction


Most mfonnation sources on the reactivity hazards of hazardous materials list and
describe the specific consequences of combining specific chemicals. The best and most
complete of these are cross-referenced compl1ations of reports of past Inlshaps which
occurred during experimentation or use of specific chemicals or substances, as reported in
the general llterature. Two particularly well researched and readIly available compl1ations
were referenced in Chapter 7.


Since there are literally tens of thousands of known chemicals in commerce, and since
the consequences of only a small fraction of the possible combinatlons of these materials
have been reported upon in the general literature, none of these infonnation sources can
claim (and none do) that combmatlons of unlisted materials will not produce a hazardous
reaction. Thus, although these lnfonnation sources provide valuable guideposts for evaluat
ing potential chemical compatibility hazards, they are inherently hmited in scope, and cannot
always be rehed upon to provide the user with desired and/or necessary information.


To help fill gaps m avallable mfonnation and data WIth a reasonable amount of effort, a
relatlvely httle known project was undertaken by the Cahforma Department of Health
ServIces some years ago to develop a smgle cheInlcal compatibIlity chart whIch would
proVlde Its user WIth a general indlcatlon of the typlcal effects of Inlxmg a substance from
one chemical family WIth a substance from another famlly By concentrating on the most
common faImhes of cheInlcals (I.e., substances with generally slInllar molecular structure),
and by studymg the effects of combmmg the most reactlve chemicals in each faImly,,
researchers were able to produce a chart that provides an excellent tool to screen lists of
cheInlcals (as Inlght be found at a facility or m a transportatlon vehIcle) for those which may
pose an unusual and/or dangerous threat when madvertently combmed (as Inlght occur
durmg some sort of process upset, transportatlon accident, or mismanaged material transfer
operatlon). Although a later bnef and apparently unpubhshed paper provides addltlonal
mfonnatlon, the pnmary reference for the work bemg CIted IS:


• Hatayama, H.K, Chen, J J , de Vera, E.R., Stephens, R, and Stonn, D L., A
Method ofDetermining the Compatibility ofHaZlJrdous Wastes, EPA Report
No. EPA-600/2-80-076, Mumclpal Envll'onmental Research Laboratory, U.S
EnVlI'onmental Protectlon Agency, Cmcmnatl, OhIO, Apnl 1980. Aval1able
as pubhcatlon PB80-221005 fonn the Natlonal Techmcal Infonnatlon Ser
vice, Spnngfield, Virgtma 22161.
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ThIs appenchx descnbes and presents the chart chscussed above for use by emergency
planning personnel m screening chenncal substances m close proXImIty for potential
incompatIbilities. Note that the chart was developed by mvestIgatIon of reactIons between
relatively pure chemIcal substances and therefore IS not at all restrIcted to use for substances
only considered to be hazardous wastes Indeed, the chart IS lIkely to be more reliable for
combinatIons of relatIvely pure chemIcals than for multIcomponent waste streams.


A Word of Caution


Before introducmg the chart and descnbmg how It IS used, It IS well to fIrst present
somewhat mochf1ed and expanded versIons of the warmngs that its authors WIshed to provIde
all potential users, these bemg:


The chart IS mtended to provIde an IndtCatlOn ofsome of the hazards that can be
expected upon mumg ofchemIcal substances Because of the differmg actlvltles
of the thousands of compounds that may be encountered, It IS not possible to
make any chart defimtlve and all mcluslve It cannot be assumed that members
ofchemIcal familIes not lIsted on the chart WIll be companble wzth each other or
with llstedfamllies. Although blanks on the chart generally IndIcate that there IS
no hazardous mcompanb,lzty expected between the famIlIes bemg consIdered, It


cannot be guaranteed that thIS WIll always be the case Detailed instructions as
to tI,e hazards involved in handling and/or disposing of any given substance
should be obtainedfrom the originator ofthe material or other expert source of
information.


The potennal reacnon consequences predIcted by the chart are based on pure
chemical reacnons only at ambIent temperature and pressure ConcentratIOn,
synergistic, and antagomstlc effects have been assumed not to mfluence the
reacnons. The reactIOns have not yet been valuJated on actual waste materials
containmg indIVIdual chemIcals.


To the above cautIon must be added the observatIon that the chart IS solely applIcable
to the combmatIon of two matenals from chfferent fannlIes. The adchtIon of one or more
other materials to a mIXture may (or may not) produce substantIally dIfferent hazards. The
chart should not be used m any attempt to IdentIfy matenals that may be self-reactIve (I.e,
capable of runaway exothernnc polymenzatlOn, runaway exothernnc decompOSItIon, explo
sion, or other hazardous actiVIty upon SImple heatIng or exposure to arr).
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Introduction to Table D.I


Although the chenncal compatIbl1lty chart IS presented as Figure D 1 and drrectly
follows thIS mtroductory text for convemence m future use, It IS !lrst necessary to discuss the
concept ofReactzvzty Group Numbers (RaNs) and to mtroduce Table D.l.


The compatIbl1ity chart addresses 41 classes or fann11es of chenncal substances, each
of whIch has been assIgned a SpeCl!lC ReactIVlty Group Number that appears on the left and
bottom margins of the chart. Each of the :fIrst 34 classes or fann11es are 11sted alphabetIcally
and are consecutively numbered one through 34. Members of each of these classes or
fann11es generally share structural slnlllantIes WIth other members of therr class or fannly at
the molecular level The last seven reaCtIVlty groups are numbered 101 to 107 and are
genenc classes based on SlnnlantIes m general behaVlor vis-a-Vls chenncal reaCtIVlty rather
than slnnlantIes m chenncal structure or propertIes.


Smce the !lrst 34 classes or fann11es are dIfferentIated on the basIS of the presence of a
particular type of molecular subgroup withm the overall chenncal molecule, and smce the
other seven classes are relatIvely genenc m nature, It IS Important to realIze that any given
specmc chenncal can belong to more than one class or fannly. Indeed, some speCIfIc
matenals may belong to several, exhIbItIng one or more of the reactIve propertIes of each.


To assist readers m deternnnmg the appropnate ReactIVlty Group Numbers (RaNs) to
be aSSIgned to any given matenal, Table D.l 11sts a large number of common chenncal
substances together Wlth therr respectIve RaNs. The 11st of chenncals (mcludIng tradename
matenals denoted WIth astensks) m the table was compl1ed from several sources, Wlth hsts of
Hazardous Wastes and Hazardous Matenals, Extremely Hazardous Wastes, and Extremely
Hazardous Matenals denoted m Cahforma's Industnal Waste Law of 1972 (Ref. 44) serving
as a startlng pomt. Other sources of mformatIon used to compl1e the hst mcluded references
1, 7, 10, 12, 13, 14, 32, 52, and 77 Clted at the end of thIS appendix. The remammg
references were used to develop the chart and are presented as a resource for those who Wlsh
to further mvestIgate the reactIVlty of vanous substances.


Introduction and Use of the Chemical Compatibility Chart


As noted above, the actual chenncal compatIb111ty chart is presented m FIgure D.l that
drrectly follows thIS mtroductory text The !lrst column of the chart 11sts the RaNs and IS
followed by a second column provldmg the respectIve names of the reactIVlty groups (I.e.,
the various classes and fannhes of chenncal substances) The RaNs are repeated on both the
top and bottom of each page of the chart (whIch could not be placed on one page whl1e
mamtammg readabdlty) to faclhtate !lndmg of the speCIfIc square contalning either a blank
or the Reactzvzty Codes (Res) for specmc combmatIons of classes or fann11es
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ReactiVity Codes (RCs) are abbreviations for the vanous hazardous phenomena
expected to occur when two matenals are combined and are defined on the second page of
the chart. They include letters or combmanons of letters such as:


• H to indIcate heat may be evolved.
• F to indicate potential for fire.
• E to indicate potential for an explosion.
• P to indicate potential for Violent polymenzanon.
• GT to indicate potential evolunon of toXIc gases.
• GF to mdicate potennal evolunon of flammable gases.
• G to indIcate potential evolunon of innocuous gases.
• S to mdicate solubilization of toxic substances.
• U to indIcate an unknown but potennally hazardous reacnon.


Where more than one code appears m a square, the one on the left (and generally the
highest) indicates the primary consequence of the combmation, the next to the right mdicates
the potential secondary effect, and so forth. The appearance of both GT and GF do not
necessarily mean that two dIfferent gases will evolve, smce any of a number of gases may be
both flammable and toxic. (Note: As a precaution, It IS well to treat the presence of a G in a
square with a grain of salt Untll the gas IS identified, treat it at least as being tOXIC. The
chart is good, but not necessarily perfect.)


Follow the instructions presented below to fmd the Reactivity Codes (RCs) for the
desired combination of two chemicals. Assume for the moment that each chemical has only
one RGN, but realize that the procedure may have to be repeated several times for substances
with multiple RGNs, once for each valid combmation of RGNs.


Step 1:


Step 2:


Step 3:


Step 4:


Using a knowledge of chemiStry or the bst of chemicals m Table 0.1,
determme the Reactivity Group Number (RGN) appropnate for each of the
two chemical substances of concern. If a speCific chemical is not found in
the table, look for one with slmilar charactensncs and molecular groups
(usually indicated -- but not always -- by slmilar name fragments)


For the first chemical, fmd ItS RGN on the frrst column of the chart


Find the RGN of the second chemical on the bottom row of the chart.


Find the intersecting square for the two RGNs. For example, the mtersec
non of RON 101 Wlth RON 2 has reacnon codes of H plus F plus OT m the
correct square. The mtersecnon of RGN 21 and RGN 20 has reacnon codes
of GF and H m the correct square.
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Step 5:


Step 6:


Note the Reactlon Codes (RCs) In the square and refer to the chart legend
for therr defInltlon.


If no Res are In the square (I.e., the square is blank), the combInatton IS
generally conSIdered to be safe, keepIng In mInd the cautlons presented
earher.
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=-,ttY RBACl'IVlTY OROUPNAMB
No.


1 AcldI MIIlCrI1Non-oxldlzlDa 1
FIGURED.!


2 AcldI MIIlCrI1 0xIdJzIn&
COMPATmILITY CHART


2


3 AcldI 0rpnIc °H 3


.. AJoobok Ell! Olycoll Ii H p H p ..
5 A1dClllylW H p H p H p 5


6 AmIcl. H HOI 6


7 Amlller. A1qlhallcandAromI1Ic H HOT H H 7


a Am Ccmpounds.o.zo CcmpoUlll!l. and HydnzlnCll H O HOT H O H O H 8


51 ~ H O HOT °H 51


10 0mItIcI H H H H H O 10


11 CymI&. 010p 010p 010p 0


12 DlthIocaramsleI HOpp HOHp HO(h OPOT U H O


13 Bal&n H H p H O H


14 Blhcn H H p


15 F1l1Orlder. IDotpnlc OT OT OT


16 HydIoc:nocJ. ArllaWIc H p


17 Halo&"Q&lCld 0rpnIcs HOT H !tIT HOT H O HOp


18 I1~
H O HitJT H O H p H p H O H Po


151 KCCl:>_ H H p H O H


20 Men:Ip!IIlJ and 0Ihea-OrpnIcSuIfldCli OOP H p"...
H O


21 MctaII. AIkaIl Ell! AlbIInol!alh, mllGlllQla1 °liJp °liJp °liJp °liJp °liJp 01iJ 0l\i 0l\i 0l\i 0l\i


22 Metak. 0Ihea- mllllllll1ll~Alloys. Powdo:n, VlpOra. 0l\ip 0l\ip OP H IbT U 0l\i
orSpoallCli


23 Meta1f. 0Ihea- m-lIIl1Il a: Alloys. SbeoU, Rod, Drop, 0l\ip 0l\ip
H


PO
MolcIlDpocc.


Z4 Meta1f IDd MeW CompoundJ. ToxIc S S S S S S


Z5 NItrldCli 0'iJp
H pp HOp °liJp °liJp u H O u


Z6 NIIri1Cl1 HOOp H POP H U


27 Nilro Compounda. OrpnIc HitJT H H B


za Hydtocasbocs, AlIp.atlc, Ulllllllftted H H p H


251 ~AlIp.atlc,Satunllld
H p


SO Pcroxl&. Ell! Hydroperoxl&'. Orpnlc H O H B H p H O HOT H PB H
POT


31 Pllcaols and Ctcaok H H p H O


32 Orpnopbolpllalel.PllClpbothlOatel. PllClpbodllhloatel HOT HOT U H B


33 Su1fi&.. InctglDlc °Top HPOT OT H B


34 Bpoxl&. H p H p H p H p U lip H p H p


101 Com1:wtJb1c and F1.Immablo Matt:rIa1J. M1scellmeoUi H O HitJT


102 Bxplcalvcc H B H B H B H B H B


103 Polym«lablo CompoWldJ PH PH PH PH PH


104 OxIdIzIoaApll.SlXOIl& HOT HOT H p H p HitJT H IbT
H B H


POT


105 Roduclna AamlJ, Slroq HOp H
POT HOp HOpp Hp 0l\i HOp H O


106 WaI« IIldMa- CoDtaInInaWaI« H H 0


107 WaI« RtIOICtIvoS~ BXTRBMBLY Rl!ACTIVB


1 2 :3 4 5 6 7 8 51 10
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11 11


12 12


13 13


14 14


15 15


16 16


17 H 17


18 HO U 18


19 H 19


2D H H H 2D


21 alii O~fl alii H S °Pa °Pa °Pa 21


22 H S alii Hopp 22


23 H p 23


24 24


25 alii alii alii 01\1 u alii alii B 25


26 H p S alii


1:1 HoPs Hopp
~ H S28


2!J


30 H IbT HJIoT H S H S HJIoT H s HH HO HOpp


31 H p OPH OPH


32 H


33 H


34 H p U H p H p H p H p H p


101 Hop HOpp


1~
H s H S H s H s B S


103 PH U PH PH PH PH PH


104 H par HPar
H p H p H p IlJr HJIoT H p HJIoT H PB H PB


H p H PS


105 HOT H p H S OPH OPH OPH


1. Ho OPH OPH S OPH


107 DONOl'MIX wrnIANY CHBMlCALORWASTBMATBRIAL


11 12 13 14 15 16 17 II 19 2D 21 22 23 24 25
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Example:


Reactiyity Code Consequences


H Heat generation by chemical reaction


F Fire from extremely exothermic reaction, ignition of reaction products or
mixtures


G Innocuous and non-flammable gas generation such as Na' CO2, etc. causes
pressurization and rupture ofclosed containers


GT Toxic gas generation


GF Flammable gas generation


E Explosion due to extremely vigorous reaction or reactions produce enough
heat to detonate unstable reactants or reactions products


P Violet polymerization with extreme heat and sometimes toxic and
flammable gases


S Solubllization of toxic substances inciudlDg metals


U May be hazardous but unknown


H


F Heat generation, rae, and toxic gas generation


GT


=~o.
26 26


27 2.7


21 2.8


2.9 2.9


30 H par H p 30


31 H 31


32- U 32


33 Har 33


34 H p H p U H p 34


101 H par 101


1m H s H B H B H B H B 1m


103 PH PH PH H B 103


10' H par H B H B H B Ho H B H 'bT H'bT H Po H PO H S H'bT 10'


lOS Hop H B H B °lil °OPH H °Fn H B H POP H PB lOS


106 °Top OPOT 106


107 IlXTRIlMIlLY RIlACTIVB 107


26 27 21 2.9 30 31 32 3' 34 101 1m 103 10' lOS 106 107
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Names


FIGURED.2
RGN'S FOR SELECTED MATERIALS


RGl\ 'ames RGN:=J


Abate* 32


Acenaphthene 16


Acetamide 6


Acetaldehyde 5


Aceuc aCId 3


Aceuc anhydnde 107


Acetone 19


Acetone cyanohydnn 4,26
Acetomtnle 26


Acetophenone 19


Acetox)butane 13
Acetoxypentane 13


Acetyl acetone 19


Acetyl aZIde 102


Acetyl benzoyl perOXIde 30


Acetyl bromide 17,107


Acetyl chlonde 17,107


Acetylene 28


Acetyl mtrate 27,102


Acetyl peroxide 30


Acrolem 5,103


AcrylIc aCid 3,103


Acrylomtnle 26,103
AdIpiC aCId 3
AdJpomtnle 26


Agallol 24


Agaloaretan 24


Aldlcarb 9,20


Aldnn 17


Alkyl alummum chlonde 107


Alkyl resms 101


Allene 28


Allyl alcohol 4


Allyl brormde 17


Allyl chlonde 17


Allyl chlorocarbonate 13,17


Allyl chloroformate 13,17


Allyl tnchlorostlane 107


Alummum 22,23


Alummum ammoborohydnde 107


Alummum borohydnde lOS, 107


Alummum bromide 107


Alummum carbide 105


Alummum chlonde 107
Alummum methyl mOllochlonde IOS,I07


Alummum f1uonde IS, 107


Alummum h\ dnde lOS


Alummum h\'pophosphtde 107


Alummum phosphIde 107


Alummum tetraaZldoborate 8


Ammobenzene 7


Ammobutane 7


Ammochlorotoluene 7,17


Ammodtpheml 7


Ammoethane 7


Ammoethanol 4,7


Ammoethanolamme 7


Ammohexane 7


Ammomethane 7


Ammopentane 7


Ammophenol 7.31


Ammopropane 7


Ammo proplonItnle 7.26


AmmothIazole 7.8
Ammotoluene 7


AmmOlUa 10
AmmOlUum arsenate 24


AmmOlUum aZide 102


Ammomum btfluonde IS


Ammomum chlorate 102,104


Ammomum dichromate 24,107


Ammomum fluonde 15


AmmOlUum hexamtrocobaltate 24,107


AmmOlUum h\droXlde 10


Ammomum h\'pophosphtde lOS


Ammomum mol)bdate 24


AmmOlUum mtrate 102


Ammomum mtndoosmate 24,104


Ammomum mtnte 102


Ammomum perchlorate 104


Ammomum penodate 102.104


Ammomum pennanganate 24,102,104


Ammomum persulfate 104


Ammomum picrate 102


Ammomum sulfide 33,1~


Ammomum tetrachromate 24.104
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RGN'S FOR SELECTED MATERIALS


Names RGN I I Names RGN


AmmOlUum tetnperoxychromate 24,102,104


AmmOlUum tnchromate 24, 104


Amyl acetate 13


Amyl alcohol 4


Amyl chlonde 17


Amylcyamde 26


Amylanune 7


Amylene 28


Amyl mercaptan 20


Anihne 7


Arumen· V-101 20


Amsole 14


Anuole chlonde 107


Anthracene 16


Antunony 23,24


Antunony chlonde 24,107


Antunony lluonde 24,107


Antunony mtnde 24,25


Antunony oxychlonde 24


Antunony o:ude 24


Antimony pentachlonde 24


Antunony pentafluonde 24


Anumony pentasulfide 24,33, lOS


Antunony perchlorate 24, 104


Anumony potasSlum tartrate 24


Anumony sulfll1e 24


Anumony sulfide 24,33,lOS


Antunony tnbronude 24,107


Anumony tnchlonde 24, 107


Antunony tnfluonde 24,107


Antunony tnIodlde 24,107


Anumony tnOlUde 24


Anumony tnsulfate 24


Anumony tnsulfide 24,33


Anumony tnvmyl 24,107


Aqualm 5,103


Aqueous soluuons &. nuxtures 106


Aretan· 24


Aroclor- 17


ArseniC 24


Arsemc bromide 24,107


ArseniC chlonde 24, 107


Arsemc dlslufide 24,33,lOS
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Arsemc lodlde 24, 107


Arsemc o:ude 24


Arsemc pentase1emde 24


Arsemc penlasulfide 24,33


Arsemc pentoXlde 24


Arsemc sulfide 24,33,1OS


Arsemc tnbromlde 24,107


Arsemc tnchlonde 24, 107


Arsemc tnfluonde 24


Arsemc tmodlde 24,107


Arsemc tnsulfide 24,33, lOS


Arsme 24,lOS


Askare1 17


Asphalt 101


AZidocarbonyl guamdme 8,102


AZido-s-tnazole 8


Azmphos ethyl 32


AZIOdme 7,103


.,.-Azodusobutyrollltnle 8,26


Azodnn* 32


Bake1lte* 101


Banol 9


Banum 21,24,107


BanumaZide 24, 102


Banum bromate 24, 104


Banum carblde 24, lOS, 107


Banum chlorate 24, 104


Banum chlonde 24


Banum chromate 24,104


Banum fluonde 15,24


Banum fluoslhcate 24


Banum hydnde 24, lOS


Banum hydroXlde 10,24


Banum hypophospmde 24, lOS


Banum lodate 24,104


Banum lOdlde 24


Banum monoXlde 10,24,107


Banum mtrate 24, 104


BanumoXlde 10,24,107


Banum perchlorate 24, 104


Banum permanganale 24, 104


Banum perolUde 24, 104


Banum phosphate 24







FIGURE D.2 (Cont.)
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Names RGN I I Names RGN :=J
Banum stearate 24


Banum sulfide 24,33, lOS, 107


Banum sulfite 24


Bassa· 9


Bayer 25141 32


Baygon* 9


Benzadox 6


Benzal bronude 17


Benzal chlonde 17


Benzaldehyde 5


Benz-a-pyrene 16


Benzene 16


Benzene dlaZOlllum chlonde 8,102


Benzene phosphorus dlchlonde 107


Ben21dme 7


BenZOIC aCId 3


Benzomtnle 26


Benzophenone 19


Benzoqmnone 19


Benzotnazole 8,102


Benzotnbromtde 17


Benzotnchlonde 17


Benzotnfluonde 17


Benzoyl chlonde 107


Benzoyl peroXide 30,102


Benzyl alcohol 4


Benzylamme 7


Benzyl benzene 16


Benzyl brormde 17


Benzyl chlonde 17


Benzyl chlorocarbonate 17


Benzyl chlorofonnate 17


Benzyl sliane lOS, 107


Benzyl SodIum lOS


Beryllium 24


Beryllium copper alloy 24


Beryllium fluonde 15,24


Beryllium hydnde 24,1OS,107


Beryllium hydroXide 10,24


Beryllium OXide 24


Beryllium sulfide 33, lOS


Beryllium tetrahydroborate 24,105,107


Bldnn· 32
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BISmuth 22,23,24


BISmuth chromate 24


BlsmuthIc aCId 24


Bmnuth mtnde 24,25,102


BISmuth pentafluonde 24,107


Bismuth pentaoXide 24


Bismuth sulfide 24,33, lOS


Bismuth tnbronude 24


Bismuth tnchlonde 24


Bismuth tmodlde 24


BISmuth tnoXide 24


Bismuth tnsulfide 24,33, lOS


Blada-fum· 32


Blue Vltnol 24


Bornyl 32


Borane 24,107


Bordeaux arsemtes 24


BoncaCld I


Boron arsenotnbromlde 24, lOS


Boron bromodllodtde 24,107


Boron dtbromoIodtde 24, 107


Boronmtnde 24,25


Boron phosplude 24 107 -Boron tnaZlde 24, HP


Boron tnbromIde 24, 107


Boron tnchlonde 24,107


Boron tnfluonde 24,107


Boron tmodIde 24, 107


Boron tnsulfide 24,33,1OS


BPMC 9


Brass 23


BromIC aCid 2


Bromme 104


Bromme aZide 102


Bromme cyanIde 11


Bromme monofluonde 104,107


Bromme pentafluonde 104, 107


Bromme tnfluonde 104,107


Bromoacelylene 17


Bromobenzoyl acetanilide 6,19


Bromobenzyl tnfluonde 17


Bromodlborane lOS
Bromodtethylalummum 107







FIGURE D.2 (Cont.)
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Names RGN I I Names RGN


Bromodunethoxyanlhne 14


BromoConn 17


Bromomethane 17


Bromophenol 17,31


Bromopropcne 17


Bromopropyne 17


Bromosilane lOS


BromOl.Oluene 17


Bromotrich1oranethane 17


Bromotnfluomethane 17


Bromoxynil 17,26,31


Bronltl 23


BunaN- 101


Bunker fuel otl 101


Butaurb 9


Butadu:ne 28, 103


Butawyne 28


Butanal 5


Butane 29


Butanodiol 4


Butanetluol 20


ButanetnoltMll1'ate 102


Butanol 4


Butanone 19


Butenal 5


Butene 28


Butene-2-one 19


Butylacctate 13


n-Butylacrylate 13,103


Butylamine 7


Butyl alcohol 4


t-Butylandofonnate 8


Butyl benzene 16


Butyl benzyl phthalate 13


Butyl ccllwolve. 4


Butyl dlch1oroborane lOS


Butyl ether 14


Butyl Connate 13


Butyl fluonde 17


Butyl &lyCldyl ether 34


Butyl hydroperoxlde 30


t Butyl hypochlonte 102,104


n-Butyl hthlUm lOS, 107


Butyl mercaptan 20


Butyl peroXIde 30


Butyl peroxyacetate 30


Butyl peroxybenzoate 30


Butyl peroxyplvalate 30


t-Butyl perbenzoate 30


t-Butyl-3-phenyloXlnrme 34


Butyl tnch101'01l1ane 107


Butynurude 6


Butyraldehyde 5


ButyncaCld 3


Butyromtnle 26


Bux· 9


Cacodyhc aCId 24


Cadmlum 23,24


Cadmlum acetyhde 24, lOS, 107


Cadmlum lIJIl1de 24,10,107


Cadmlum ande 24,102


Cadrrnum brOl1Ude 24


CadmlUm chlorate 24, 104


Cadrrnum chlonde 24


Cadrrnum cyamde 11,24


Cadmlum fluonde 15,24


CadmIum hexllJIl10e chlorate 24,102


Cadrrnum hexllJIl10e perchlorate 24, 102


CadmIum loWde 24


Cadrrnum mtrate 24.102.104


Cadrrnum mtnde 24,25,102


Cadrrnum OXIde 24


CadmIum phosphate 24


CadmlUm sulfide 24,33, lOS


Cadrrnum tnhydrazme chlorate 24,102


CadmlUm tnhydrazme perchlorate 24, 104


CalCIum 24, 102


CalCIum arsenate 24


CalclUm arsemte 24


CalcIum bromate 104


CalCIum carbIde lOS, 107


CalclUm chlorate 104


CalCIum chlonte 104


CalCIum fluonde 15


CalcIum hexammomate lOS


CalclUm hydnde lOS, 107
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FIGURE D.2 (Cont.)
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Names RGN I I Names RGN =:J
CalcIUm hydroXIde 10


CalcIUm hypochlonte 104


CalCIum hypophosplude lOS


CalCIum Iodate 104


CalCIum-manganese-swcon alloy 23


CalCIum mtrBle 104


CalCIum OXIde 10, 107


CalCIum oxychlonde 104


CalCIum perchromate 104


CalCIum pennanganate 104


CalCIum peroXIde 104


CalCIum phosplude 107


CalCIum sulfide 33, lOS


Camphoroll 101


CapncaCld 3


CaPI'OlC aad 3


Capryhc aCId 3


Caprylyl peroXIde 30


Carbacrol 31


Carbaryl 9


Carbctanude 6


Carbanolate 9


Carbofuran 9


CarbolIcaad 31


Carbohcoll 31


Carbon, aeuvated, spent 101


Carbon bISulfide 20


Carbon dISulfide 20


Carbon tetrach10nde 17


Carbon tetrafluondc 17


Carbon tetralodlde 17


Castnx 7


Catechol 31


CaUStiC potash 10


CaUStiC soda 10


CDEC 12


Cellulose 101


Cellulose mtrate 27,102


Cenum 22


Cenum hydnde lOS


Cenum tnsulfide 33, lOS


Cerous phosphIde lOS


Cesium 21
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CesIUm amide 107


CesIUm aZide 102


CesIUm carbide lOS


CesIUm fluonde 15


CeSium hexahydroalummale lOS


Cesium hydnde lOS, 107


CeSium phosplude 107


Cesium sulfide 33, lOS


Chloral hydrate 5


Chlordane 17


Chlorcstol 17


Chlorfenvmphos 32


ChloncaCId 2,104


Chlonne 104


Chlonne aZide 102


Chlonne diOXIde 102,104,107


Chlonne fluoroXIde 102,104


Chlonne monofluonde 104,107


Chlonne monoXIde 104


Chlonne pentafluonde 104,107


Chlonne tnfluonde 104, 107


Chlonne tnoXIde 102,104


Chloroacelaldehyde 5,17


Chloroacetlc 8C1d 3, 17


Chloroacetone 17,19


Chloroacetophenone 17,19


Chloroaceiy1 ch10nde 107


Chloroaceiylene 102


Chloroacrylomtnle 17,26


Chloroazodm 8,17


Chlorobenzene 17


Chlorobenzotnazole 8,17


Chlorobenzoy1 peroXIde 17,30


Chlorobenzyhdene malonomtnle 17,26


Chlorobuiyromtnle 17,26


Chloro chromtc anhydnde 24,104,107


Ch1orocrcosol 17,31


Chlorodlborane lOS


Chlorodnsobuiyl alummum lOS, 107


Chlorodlmethylamme dlborane lOS


Chlorodlmtrcbenzene 17,27


Chloro d1llltrotoluene 17,27


Chlorodlpropyl borane lOS







FIGURE D.2 (Cont.)
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O1loroc:thane 17


O1loroc:thanol 4.7


O1loroethylC1U1TU1le 17


O1loroform 17


O1lorohydnn 17


O1loromet1wle 17


O1loromethyl methyl ether 17


O1loromethy1 phenoxyacetl.C aCId 3.17


O1lororutroanilmc 17.27


O1lororutrobenzene 17.27


O1loropenranc 17


O1loropbeno1 31


O1loropbenyllSocyanate 17.18,107


O1loroplcnn 17.27.102


O1loropropane 17


O1loropropene 17


O1loropropylcne OXIde 17,34


O1lorosihne 105


O1lorosulforuc aCId 1


O1lorotluon* 17.32


O1lorolOluene 17


O1lorotoluuhne 7.17


O1lorotruutrobenzene 17.27.102


B-CblorovmyldJ.chIoroarsme 24


0110rplcnn 17.27,102


O1romtcaCld 2,24.104


O1romtc anyhdnde 2,24,104


O1romtc chIonde 24


O1romtcfluonde 15.24


O1romtc OXIde 24


O1romlc _ulfate 24


Olromtum 23,24


O1romtum sulfate 24


O1romlc sulfide 24.33.105


O1romtum tnchlonde 24


O1romtum tnfluonde 15.24


O1romlum tnoXlde 2.24,104


O1romyl chIonde 24.104.107


O1l)'scne 16


eM-ME 14.17


Coalod 101


Coal tar 31


Cobalt 22,23.24


Names RGN I 11- N_am_es ......__R_G_N__....


Cobalt bromtde 24


Cobalt chlonde 24


Cobalt mtrate 24,104


Cobaltous bromtde 24


Cobaltous cblonde 24


Cobaltous mtnte 24.104


Cotbaltous resmate 24


Cobaltous sulfate 24


Cobaltresmate 24


Cobalt sulfate 24


CollodJ.on 27


Copper 23,24


Copper acctoalicntte 24


Copper acctyhde 24.102,105.107
~_w


Copper alienate 24


Copper ancntte 24


Copper chlonde 24


Copper chlorotetrazole 24


Copper cyamde 11,24


Copper mtrate 24.104


Copper mtnde 24,25


Copper sulfate 24


Copper sulfide 24.33,105


Compound 1836 17,32


Coroxon* 32


Coumaful)'l 19


Coumatctralyl 19


Cresol 31


Cresol glydlcyl ether 34


Cresote 31


Cnmtdme 7


Crotonaldehyde 5


Crotyl alcohol 4


Crotyl bromtde 17


Crotyl cblonde 17


Cumene 16


Cumene hydroperoXlde 30


Cupnc alienate 24


Cupnc arsemte 24


Cupnc chlonde 24


Cupnc cyamde 11,24


Cupnc mtrate 24, 104


Cupnc sulfate 24
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Names RGN I I Names RGN


Cupnethylened1llltlUlC 7,24


Cyanoacel1c aCId 3,26


Cyanochloropentane 17,26


Cyanogen 26


Cyanogen bI'OlJ1lde 11


Cyanophenphos 26,32


Cyanunc tnaZlde 102


Cyclobeptane 29


Cyclohexane 29


Cyclobexanol 4


Cyclohexanone 19


Cyclohexanone peroXIde 30


Cyclohexylamme 7


Cyclohexenyl tnchlorosJ1ane 107


Cyclobexyl phenol 31


Cyclo: ~xyl tnch1orosdane 107


Cyclopentane 29


Cyclopentanol 4


Cyclopentene 28


Cyclopropane 29


Cyclotnrnethylene tnmtrllamme 27,102


Cymene 16


Cyo1an· 20,32


2,4-D 3,17


Dasamt· 32


DBCP 17


DCB 17


DDD 17


DDNP 8,27,102


DDT 17


DDVP 17,32


DEAC 105,107


Decaborane 107


Decahydronaphthalene 29


Decalm 29


Decane 29


Decanol 4


Decene 28


Decyl benzene 16


Delnav· 32


Demeton-s-methyl SUlfOXld 32


Dtacetone alcohol 4,19


Dlacetyl 19


Dtacety1ene 28


Dtamme 8,105


Dtammobenzene 7


Dtammohexane 7


DlaZldoethane 8,102


DtaZlDOO· 32


Dtazoduutrophenol 27,102


Dlbenzoyl peroXIde 30,102


Dlborane 105,107


Dlboron hexahydnde 105,107


Dlbutyl ether 14


Dlbutyl phthalate 13


3,s-Dlbromo-4-hydroxybenzomtnle 17,26,31


Dlbrornochloropropane 17


Dlbrornoethane 17


Dlchloroacetone 17,19


Dlchloroamme 104


Dlchlororobenzene 17


DlchlorobenZldme 7,17


Dlchlorodtrnethylsdane 107


Dlchloroethane 17


Dlchloroethene 17


Dlchloroether 14,17


Dlchloroethylarsme 24, 107


Ethyl dtchlorosdane 107


Ethyl ether 14, 17


Dlchlorolsocyanunc aCId 104


Dlchlorornetbane 17


Dlchlorophene 17


Dlchlorophenol 17,31


Dlchlorophenoxyaceuc aCId 3,17


Dlchloropropane 17


Dlchloropropanol 4,17


Dlchloropropene 17


Dlchloropropylene 17


Dlchloro-s-tnaZlDe-2,4,S-tnone 104


Dlchlorovos 17,32


Dlcumyl perOXIde 30


Dlcyclopentadtene 28


Dleldnn 17


Dletbanolamme 4, 7


Dletbyl alummum chlonde 105,107


Dletby1amme 7
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Dlethyl benzene 16


Dlethyl c:hlorovmyl phosphate 17,32


Dlethyl dlc:hlorosl1ane 107


DIethylene dIOXIde 14


DIethylene glycol duutrate 27,102


Dlethylene glycol monobutyl ether acetale 13


DIethylene trwrune 7


Dlethyl ether 14


Dlethyl ketone 19


Dlethylloluanude 6


Dlethyl zme 24, lOS, 107


DIesel oil 101


D1.fluorophospbone aad 1


Diglyadyl ether 34


Drlsobutylene 28


Dusobutyl ketone 19


DrlsopropMo1anune 4,17


Dusopropylbenzene hydroperoXlde 30


Dusopropyl belYllium. 24,104,107


Drlsopropyl elher 14


Dusopropyl peroxydlcarbonate 30


Duneeron* 32


Dunefolt 6,32


Dunethyl acetylene 28


Dunethyl amme 7


Dunethylammo azobenzene 7,8


Dunethyl aneme aad 24


Dunethyibcnzyl hydroperoXlde 30


Dunethyl butane 29


Dunethyl butyne 28


Dunethyl dlclIlorostlane 107


Dunethyldlthlopbosphone aad 32


Dunethyl ether 14


Dunethyl lonnal 19


Dunethyl fonnamlde 6


Dunethylhexane dIhydroperoXlde 30


Dunethyl hydrazme 8


Dunethyl ketone 19


Dunethyl magnesium IOS,I07


Dunethylrutrobcnzene 27


Dunethylrutrosoanune 7,27


Dunethyl sulfide 20


Duneton 'I?


Duutrobenzene 27


Duutrochlorobenzene 17,27


2,4-Duutro-6-sec-butyl phenol 27,31


Duutrocresol 27,31


Duutrophenol 27,31


Om ,trophcnyl hydrazme 8,27


Duutrotoluene 27


Dmoseb 27,31


DIoltacarb 9


Dloxane 14


DloxathIoo 32


DIpentaCl}'thntol hexamtrate 27, 102


DIpentene 28


DIphenamIde 6


DIphenyl 16


DIphenyl acetylene 16


DIphenylamme 7


DIphenylamme chloroarsme 7,24


DIphenyl ethane 16


DIphenyl ethylene 16


DIphenyl methane 16


DIphenylmethane dllsocyanate 18,107


DIphenyl OXIde 14


DIplcryl amme 7,27,102


DIpropyl amme 7


DIsulfoton 32


Dlsulfunc aad 1


DIsulfur dmltnde 25, 102


DIsulfuryl chlonde 107


Dlsyston* 32


DIthane* M-45 12


DIthIOIIe* 32


DNOC 27,31


Dodecene 28


Dodecyl benzene 16


Dodecyl tnchlorosIlane 107


Dowco-139* 9


DowlcldeI 31


Dowthenn 16


Durene 16


DyfOllate* 32


Dynes Thmner 101


T"l geto130 27,31
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RGN Names RGN ]
Endolsulfan 17,20


Endothall 3


Endotluen 32


Endnn 17


EPN 32


Eplchlorohydnn 17,34


Epoxybutane 34


Epoxybutene 34


Epoxyethane 34,103


Epoxyethylbenzene 34


BIS(2-3-Epoxypropyl) ether 34


Ethane 29


EthanethIol 20


Ethanol 4


EthIoo· 32


Ethoxyethanol 4,14


Ethyl acetate 13


Ethyl acetylene 28


Ethylacrylate 13,103


Ethyl alcohol 4


Ethylamme 7


Ethyl benzene 16


Ethyl butanoate 13


Ethyl butyrate 13


Ethyl dIlonde 17


Ethyl dIloroformate 13,17


Ethyl dIchloroarsme 24, 107


Ethyl dIchlorosl1ane 107


Ethyl ether 14


Ethylene 28


Ethylene chromIc OXIde 24,104


ethylene chlorohydnn 4,17


Ethylene cyanohydnn 4,26


Ethylene dIamme 7


Ethylene dIbrormde 17


Ethylene dIchlonde 17


Ethylene glycol 4


Ethylene glycol dlnltrate 27, 102


Ethylene glycolmonomethyl ether 4,14,17


Ethyleneumne 7,103


Ethylene OXIde 34, 103


Ethyl fonnate 13


2-Ethylhexyl acrylate 13, 103


Ethyl mercaptan 20


Ethyl mtrate 27, 102


Ethylmtnte 27, 102


Ethyl pnplooate 13


Ethyl tnchlorosl1ane 107


ExothIon 32


Eugenol 31 -
FensulfothIon 32


Ferham 12


Ferne arsenate 24


Femc sulfide 33


Ferrous arsenate 24


Ferrous sulfide 33, lOS


Fluoranthrene 16


Fluorene 16


Fluonne 104,107


Fluonne aZlde 102


Fluonne monoxIde 104, 107


Fluoroacetamhde 6,17


Fluoroaceuc aCid 3


Fluorobonc aCid 1,15


Fluorosulfomc aCid 1,107


Fluosulfomc aCid 1,107


FluosiliCic aCid 1,15


Fenofos· 32


Fonnaldehyde 5


Fonnamlde 6


Fonnetanate hydrochlonde 6


FonnicaCid 3


Fosuoo· 32


Freon· 17


FmnancaCid 3


Fmnann 19


Fmnazone· 17


Furadan· 9


Furan 14


Furfural 5


Furfuran 14


Gas oil, cracked 101


Gasolme 101


Gennammn sulfide 33, lOS


Glutaraldehyde 5


Glycenn 4
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RGN!'.ames


HMX 102


Hopclde- 9


Hydrated ltrne 10


HydraZIDe 8,105


HydraZIDe aZide 8,102


HydrazOlc aCId 102


Hydnodlc aCId 1


HydrobroIlUc aCId 1,107


Hydrochlonc aCId 1


HydrocYanIC aCId 1,11


Hydrofluonc aCId 1,15


Hydrogen aZide 102


Hydrogen bromIde 1,107


Hydrogen cyanIde I,ll


Hydrogen fluonde 1,15


Hydrogen IodIde 1


Hydrogen peroXIde 104


Hydrogen phosphIde 105


Hydrogen selemde 24, 105


Hydrogen sulfide 33, 105


Hydroqumone 31


Hydroxyacetophenone 19,31


HydroxydlbromobenzOlc aCid 3,17


Hydroxydlphenol 31


Hydroxyhydroqumone 31


Hydroxyacetophenone 19,31


Hydrox)'lsobutyronltnle 4,26


Hydroxyl amme 105


HydroxyproplOrutule 4,26


Hypochlorous aCId 2


Indene 16


IndIUm 22,23,24


Inerteen 17


Iodme monochlonde 107


Iodme pentoXlde 104


Iron 23


Iron arsenate 24


Isobutane 29


Isobutanol 4


Isobutyl acetate 13


Isobutyl acrylate 13, 103


Isobutylene 28


Isodecyl acrylate 13


Glycldol 34


GI)col dlaCelale 13


GI) col dmllrate 27,102


Glycol elher 14


GlycolIC aCId 3


Glycol monob:.J.e tmutrate 27,102


Glycolollltnie 26


Gold acetyltde lOS, 107


Gold cyanatc 102


Gold fulnunate 102


Gold sulfide 33, 105


Grease 101


GuaIacol 31


Guanyl mtrosa!""_'1oguanylldene hydraZIDe 8,102


Guarudmc mtnlle 27, 104


Gun cotton 27,102


Gulhloo- 32


Harmum 22


Hananc- 6,32


HcmIDlellitenc 16


Heptachlor 17


Heptanc 29


Heptanal 5


Heptanel 4


Hcptanonc 19


Heptenc 28


Hcxaboranc lOS


Hcxachlorobenz.e'lc 17


Hcxadecyl tnch"--'SIIane 107


Hexaclhyl tell'3?""sphate 32


Hexafiuorophostt.onc aCId 1,15


Hexahydnde dlNrane 105,107


Hcxamelhyl bcr.unc 16


Ilexamelhylene.:!,a'lUllc 7


Hexamelhylcne e r.ummc 7


Hexanal 5


Jlexannro(!Jphe:;\ l.mme 7,27,102


lIexanol 4


HexanOIC aCId 3


Hcxene 28


Hcx)lamme 7


Ilcx)1tnch1oroska."1e 107


Hcxync 28


'-- I\_a_m_c_s R_G_N 1 I
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RGN'S FOR SELECTED MATERIALS


LeWtslte 24


Lunemtrate 104


Ltndane 17


LtthtUm 21,107


Lttlnum alurmnum hydnde 105,107


Lttlnum armde 10, 107


Lttlnum ferroSlhcon 107


Lttlnum hydnde 105, 107


Lttlnum hydroXIde 10


Lttlnum hypochlonte 104


Lttlnum mtnde 25


1..ltlnum peroXlde 104,107


Ltthlum sthcon 107


Lttlnum sulfide 33, lOS


London purple 24


Lye 10


MagneSium 21,22


MagneSIum arsenate 24


MagneSium arsemte 24


MagneSium chlorate 104


MagneSium fluonde 15


MagneSium mtrate 104


MagneSium perchlorate 104


MagneSium peroXl(le 104


MagneSium sulfide 33, 105


Malathton 32


MaletcaCld 3


MalOlllc mtrile 3,26


Maneb 12


Manganese 22,23,24


Manganese acetate 24


Manganese arsenate 24


Manganese bromtde 24


Manganese chlonde 24


Manganese methylcyclopentadlenyltncarbonyl 24


Manganese mtrate 24, 104


Manganese sulfide 24,33,105


Manganous arsenate 24


Manganous bromide 24


Manganous chlonde 24


Manganous mtrate 104


ManntlOI hexanllrate 27,102


Matactl* 9


RGN =:lNamesI IRGNNames


Isodurene 16


Isoeugenol 31


Isohexane 29


Isooctane 29


Isooctcne 28


Isopentane 29


Isophorone 19


Isoprene 28, 103


Isopropanol 4


Isopropyl acetate 13


Isopropyl acetylene 28


Isopropylanune 7


Isopropyl benzene 16


Isopropyl chlonde 17


Isopropyl ether 14


Isopropyl mercaptan 20


N-Isopropylmethylcarbamate 9


a-Isopropyl methylphosphoryl fluonde 17,32


Isopropyl percarbonate 30


Isotaetlc propylene 101


1-100 101


letod 101


Kerosene 101


Lacquer tlnnner 101


Landnn* 9


Lannate* 9.20


Lauroyl peroXlde 30


Lead 23.24


Lead acetate 24


Lead arsenate 24


Lead arsemte 24


Lead aZlde 24, 102


Lead carbonate 24


Lead chlonte 24, 104


Lead cyamde 11.24


Lead d1ll1troresorcmate 24,27,102


Lead monomtroresorcmate 24,27.102


Leadmtrate 24,104


Lead orthoarsenate 24


Lead OXIde 24


Lead styphnate 24,27,102


Lead sulfide 24,33,104


Lead tnmtroresorcmate 24,27,102
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FIGURED.2
RGN'S FOR SELECTED MATERIALS


Mercury nucleate 24


Mercury oleate 24


Mercury sulfate 24


Mcsltylcnc 16


McsltyloXlde 19


Mesurol* 9


Metasystox-R 32


Metham 12


Methanal S


Methane 29


MethanetJuol 20


MethanOlc aCId 3


Methanol 4


Methomyl 9,20


Methoxyethylmercunc chlonde 24


Methyl acetate 13


Methyl acetone 101


Methyl acetylene 28


Methyl acrylate 13,103


Methyl alcohol 4


Methyl a1ummum sesqUibromlde lOS, 107


Methyl a1ummum sesqUichlonde lOS, 107


Methylamme 7


Methyl amyl acelate 13


N-Methyl anIlme 7


Methyl azmdme 7


Methyl benzene 16


Methyl bromide 17


Methyl buladlene 28,103


Methyl butane 29


Methyl butene 28


Methyl butyl ether 14


Methyl t-butyl ketone 19


Methyl butyne 28


Methyl butyrate 13


Methyl chlonde 17


Methyl chlorocarbonate 13,17


Methyl chloroform 17


Methyl chloroformate 13, 17


Methyl chloromethyl ether 14,17


Methyl cyanide 26


Methyl cyclohexane 29


Methyl d1chloroarsme 24


Mayer's reagent 24


Mcdmoterb acetate 13,27


Meobal 9


Men:aptobcnZOlluazole 8,20


Metc:atoethlllOl 4,20


Merc:arbam 32


Mete:unc acetate 24


Metcunc ammoruum c:hlonde 24


Metcuric benzoate 24


Mete:unc btomlde 24


Mete:unc chlonde 24


Mete:unc cyanide 11,24


Mete:unc dioxysutrate 24


Metcunc iodide 24


Mercunc nitrate 24,104


Metcuric ole.tte ", 24


Mercunc oxide 24


MClrQlnc OXYCYllUde 11,24,102


Mete:unc potaSSium iodide 24


Mete:unc salicylate 24


Mete:unc subsulfate 24


Mete:unc sulfate 24


Mercunc sulfide 24,33, lOS


Mercunc tJuocyanate 24


Mercunc thiOCYllUde 24


Mercurot 24


Mercurous bronude 24


Mete:urous &1uconate 24


Mercurous Iodide 24


Mercurous nitrate 24,104


Mercurous OXIde 24


Mercurous sulfate 24


Mete:ury 24


Mete:ury (vapor) 22,24


Mercury acetate 24


Mercury ammauum ch10nde 24


Mercury benzoate 24


Mercury bISulfate 24


Mercury chlonde 24


Mercury CYllUde 11,24


Mercury fulmmate 24,102


Mercury iodide 24


Mercuryrutrate 24,104


Names RGN I I
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FIGURE D.2 (Cont.)
RGN'S FOR SELECTED MATERIALS


Methyl dl(:hlorosI1ane 107


Methylene chlonde 17


Methylene dusocyanatc 18,107


4,4-Methylene bls(2-chloroamlme) 7,17


Methyl ethyl chIonde 17


Methyl ethyl ether 14


Methyl ethyl ketone 19


Methyl ethyl ketone peroXIde 30


Methyl ethyl pyndmc 7


Methyl formate 13


Methyl hydra21Ile 8


Methyl Iodide 17


Methyl uobutyl ketone 19


Methyltsocyanate 18,107


Methyltsopropenyl ketone 19


Methyl mR§nesllUn bronnde 105,107


Methyl magnesllUn chIonde 105,107


Methyl magnesllUn Iodide lOS, 107


Methyl mercaptan 20


Methyl methacrylate 13,103


Methyl napthalene 16


Methyl parathion 32


Methyl pentanoate 13


Methyl propionate 13


Methyl n-propyl ketone 19


Methyl styrene 28,103


Methyl sulfide 20


Methyl tnchlorosl1ane 107


Methyl valerate 13


Methyl vmyl ketone 19


Methyl yellow 7,8


Mevmphos 32


Mexacarbate 9


Mmeral spmts 101


Mmtacol* 32


Mlpcm* 9


Mobam* 9


Mocap* 32


MolybdenlUn 22,23,24


Molybdenum anhydnde 24


Molybdenum sulfide 24,33,105


Molybdenum tnoxlde 24


Molybdic aCid 24


RGNNames


Monochloroaeetone 17, 19


Monochloroacenc aad 3,17


Monocroptophos 32


Monoethanol amme 4,7


Monofluorophosphonc aad 1


Monolsopropanolantme 4,7


Monomethyl hydrazme 8


Molpholme 7


MumClpal sohd waste 101


Munatlc aCId 1


Nabam 12


Nack 21,107


Nak 21,107


Naptha 101


Naphthalene 16


Napthol 31


Napthylamme 7


Naphthyl mercaptan 20


Naphnte 27,102


Nemagon* 17


NeoI1exane 29


4-NBP 27


NlaCldc* 12


Nwate 32


Nickel 22,24


Nickel acetate 24


Nickel antlmomde 24,107


Nickel arsenate 24


Nickel arsenite 24


Nickel carbonyl 24


Nickel chlonde 24


Nickel cyamde 11,24


Nickel rutralc 24,104


Nlckelous arsenate 24


Nlckelous arsemte 24


Nlckelous chIonde 24


Nlckelous rutrate 24, 104


Nickel selerude 24


Nickel subsulfide 24,33,105


Nickel sulfate 24


Nickel tetracarbonyl 24


Nltranllme 7,27


Nitncacld 2


I IRGNNames
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c Names RGN I I Names RGN


NltroWhne 7,27


Nltrobc:nzcne 27


Nltrobcnzol 27


Nrtroblphenyl 27


N1lI'OC&!Clty 104


Nitrocellulose 27,102


Nitroehlorobenzene 17,27


Nitro&en chOXIde 104


Niuoowuute 27,102


Nurosen mustard 7,17


Nilrosen tetroXIde 104


Nitro&lyc:enn 27,102


Nrtrobydrochlone aCid 2


Nitrophenol 27,31


Nitropropllle 27


NltrocodlmcthyllIIl1llC 7,27


NltrosoglWldme 27, 102


Nitrostarch 27, 102


Nitroxylene 27


Nitroxylos 27


N·NitrosodunethyllIIl1llC 7,27


Nonyl phenol 31


Nonyl tnchlorostlane 107


NonIJle 29


Nonene 28


Nonanone 19


NonIJlu 5


NonIJlol 4


Oetadccyl tnchlorostlane 107


Oetadccyne 28


OetamethylpyrophosphoraImde 6,32


Octanal 5


Octane 29


Octanone 19


Octanol 4


Octene 28


Cetyl peroXIde 30


Cetyl tnchlOl'O$ilane 107


011 ofbergamOl 101


011 ofV1tnol 1


Oleum 2,24


Omsrool 101


Orthozenol 31


OsmIUm 23,24


OSmium amme mtrate 24,104


OSmium anune perchlorate 24, 104


Oxamyl 9


OxahcaCid 3


Oxygen dlfluonde 104,107


PCB 17


Paper 101


Paraoxon 32


Parathion 32


Pansgn:c:n 24


PmD 12


PETN 27,102


Pentaborane lOS


Pentachlorophenol 17,31


Pentaerythntol tetramtrate 27, 102


Pentamethyl benzene 16


Pentane 29


Pentancthlol 20


Pentanal 5


Pentanone 19


Penlene 28


Pentylamme 7


Pentyne 28


PeraceUc aCid 3,30


Perbromlc aCid 2


Perchlonc aCid 2


Perchloroethylene 17


Perchloromethyl mercaptan 17,20


Perchlorous aCid 2


Perchloryl fluonde 104


Penodlc aCid 2


Pennonosulfunc aCid I


Peroxyaceuc aCid 3,30


PETD 12


Petroleum naptha 101


Petroleum 011 101


Phenanthrene 16


Phenarsazme chlonde 7,24


Phenol 31


Phenyl acetic aCid 3


Phenyl acetonllrl1e 26


Phenyl acetylene 16
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Names RGN I I Names RGN ]
Phenylarubne 7


Phenylbenzene 16


Phenylbutane 16


Phenylc:hloromethyl ketone 17,19


Phenyl dlch10r0arsme 24


Phenylcne d18lnme 7


Phenylethane 16


Phenyl hydraZUle hydrochlonde 8


o-Phenyl phenol 31


Phenyl tnc:hlorosdane 1(17


Phenyl valerylmtnle 26


Phenylpropane 16


Phloroglucmol 31


Phorate 32


Phosdnn* 32


Phosphanudon 32


Phosphme lOS


Phospholan 20,32


Phosphomwo Iodide lOS, 107


Phosphonc aad 1


Phosphonc anhydnde 107


Phosphonc sulfide 33, lOS, 107


Phosphorus (Amorphous red) 105,107


Phosphorus (W1ute-Yellow) lOS


Phosphorus heptasulfide 33, lOS


Phosphorus oxybrorrude 104,107


Phosphorus oxych1onde 104, 107


Phosphorus pentachlonde 107


Phosphorus pentasulfide 33,IOS,I07


Phosphorus pentoXlde 107


Phosphorus sesqulSulfide 33, lOS, 107


Phosphorus tnbrOlmde 107


Phosphorus tnchlonde 107


Phosphorus tnsulflde 33, lOS, 107


Phosphoryl bromide 104, 107


Phosphoryl chlonde 104,107


Phthahc aCid 3


Plcramlde 7,27,102


PlcncaCld 27,31,102


Plcndme 7


Picryl chlonde 17,27,102


Plpendme 7


Pmmlcarb 9


D-23


Polyglycol ether 14


Polyanude resm 101


Polybrommated biphenyl 17


Polybutene 28


Polych1onnated biphenyls 17


Polychlonnated tnphenyls 17


Polethylene 101


Polyester resm 101


Polymenc 011 101


Polyphenyl polymethyhsocyanate 18,107


Polypropylene 28, 101


Polyram comln* 12


Polysulfide polymer 20,101


Polystyrene 101


Polyurethane 101


Polyvmyl acetale 101


Polyvmyl chlonde 101


Polyvmyl mtrate 27, 102


Potasan 32


PotaSSlWO 21,107


PotaSSlWO aad fluonde 15


PotaSSIUm alummate 10


PotaSSIUm arsenate 24


Potassium arsemte 24


PotaSSIUm blfluonde 15


PotaSSlWO bichromate 24, 104


PotaSSIUm bromate 104


PotaSSIUm butoXlde 10


PotaSSIUm cyamde 11


Potassium dlchlorolsocyanurate 104


PotaSSIUm dichromate 24, 104


Potassium dmItrobenzfuroxan 27, 102


PotaSSIUm fluonde 15


PotaSSIUm hydnde 105,107


PotaSSIUm hydroXlde 10


PotaSSIUm mtrate 102,104


Potassium mtnde 25


Potassium mtnte 104


PotaSSIUm oXlde 107


PotassIUm perchlorate 104


PotaSSIUm pennanganate 24, 104


PotaSSIUm peroXlde 104,107


Potassium sulfide 33,105







FIGURE D.2 (Cont.)
RGN'S FOR SELECTED MATERIALS


Sc:hradan 6,32


Selemous aad 1,24


Selemum 22,23,24


Selemum dlelhyldlthtocarbamate 12,24


Selemum fluonde 15,24
I--


Set;21OO8 RCld 1,24


Silicochloroform 107


Silicon tetrachonde 107


Silicon tetrafluonde 15,107


Stlver acetyhde 24,102,105,107


Stlver aZide 24,102


Silver cyamde 11,24


Silvermtrate 24,104


Stlver mtnde 24,25,102


Silver styphnate 24,27,102


Silver sulfide 24,33,1OS


Stlver tetrazene 24, 102


Stlver1nll1troresorcmate 24,27,102


Slakedhme 10, 107


Smokeless powder 102


Sodamlde 10,107


Sodamter 104


Sodium 21, lOS, 107


Sc<bum amd fluonde 15


Sodium alummate 10, lOS


Sodium alummum hydnde lOS,l07


Sodium arntde 10,107


SodIUm arsenate 24


SodIUm arselUte 24


Sodium aZide 102


SodIUm btchromate 24,104


SodIUm btfluonde 15


SodIUm bromate 104


SodIUm cacodylate 24


SodIUm calbonate 10


Sodium calbonate perolUde 104


Sodium chlorate 104


SodIUm chlonte 104


Sodium chromate 24


SodIUm cyanide 11


SodIUm dlchlorolsocyanurate 104


SodIUm dichromate 24,104


SodIUm dunelhylarsenate 24


RGNNamesI IRGNNames


Promealb 9


Propanal 5


Prcpane 29


Prop.tnelh101 20


PropanoiC aad 3


Propanol 4


Propal'lyl bramde 17


Proparsyl c:hlonde 17


2·Propen·l-ol I 4


Propplolae:tone
"- 13


Proptonaldehyde 5


ProplOl1l1m1de
,


6


PropiOll1c lad 3


ProplOl11tnle
"


26


Prcpyllcctate " 13


Propyl alcohol 4


PropyWnine 7


Propyl benzene 16


Propylene dlc:hlonde 17


Propylene glycol 4


Propylene glycol monomelhyl elher 4,14


Propylene olUde 34,103


Propylenemune 7


Propyl~~ 14


P~ylfomute 13


Propyl mcl'Clptl11 20


Propyl Tnc:hlorosllane 107


Prothoate 32


Pseudocumcne 16


Pyndme 7


Pyrogallol 31


Pyrosulfury1 c:hlonde 107


Pyroxylm 27


Qumone 19


Raneymckel 22


RDX 27, 102


Refuse 101


Resins 101


Resorcmol 31


Rubllhum 21


Salicylated mercury 24


Swgcnm 31


Saltpeter 102,104
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FIGURE D.2 (eont.)
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RGN l'ames RGN ]
SodIUm fluonde 15


Sodium hydnde lOS, 107


Sodium hydroXide 10


Sodium hypoch1onte 10,104


Sodium hyposulfite lOS


Sodium methylate 10,107


Sodium methoXide 10,107


Sodium molybdate 24


Sodium monoXide 10,107


Sodium mtrate 104


Sodium mtnde 25


Sodium mtnte 104


Sodium oXide 10,107


Sodium pentachlorophenate 31


Sodium perchlorate 104


Sodium pennanganate 24, 104


Sodium peroXide 104, 107


Sodium phenolsulfOllate 31


Sodium plcramate 27, 102


Sodium po1ysulfide 101


Sodium potasSium alloy 21,107


Sodium selenate 24


Sodium sulfide 24,33,105


Sodium thtosulfate lOS


Stanmc chlonde 24,107


Stanmc sulfide 33,1OS


Starch Dltrate 27, 102


Sulbene 16


Stoddard solvent 101


Strontium 24


Strontium arsenate 24


Strontium diOXide 24,104


Strontium mOllosulfide 24,33,105


Strontium mtrate 24, 104


Strontium peroXide 104


Strontium tetrasulfide 24,33,105


StyphmcaCld 27,31,102


Styrene 16,28,103


SUCClDlcaCld 3
.


SuccmlC aCId peroXide 30


Sulfonyl chIonde 107


Sulfonyl flounde 107


SulfOlepp 32


Sulfur chlonde 107


Sulfur (elemental) 101


SulfuncaCld 2,107


Sulfunc anhydnde 104,107


Sulfur mOllochlonde 107


Sulfur mustard 20


Sulfur oxychlonde 107


Sulfur pentafluonde 15,107


Sulfur tnoxlde 104,107


Sulfuryl chIonde 107


Sulfuryl fluonde 107


Supraclde* 32


Sureclde* 32


Synthetic rubber 101


TCDD 14,17


TEDP 32


TEL 24


TEPA 6,32


TEPP 32


TIIF 14


TMA 7


TML 24


TNB 27,102


TNT 27, 102


Tall 011 101


Tallow 101


Tar 101


Tellunum hexafluonde 15,24


Terruk* 9,20


Tetraborane lOS


Tetrachlorodlbenzo-p-dloxm 14,17


Tetrachloroethane 17


Tetrachloroethylene 17


Tetrachloromethane 17


Tetrachlorophenol 17,31


Tetrachloropropyl ether 14,17


Tetradecene 28


Tetraethyl dlthlonopyrophosphate 32


Tetraethyllead 24


Tetraethyl pyrophosphate 32


Tetrahydron.ran 14


Tetramethylenedlamme 7


Tetramethyllead 24
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Tncadrmum dmltnde 24,25


TncalClum dlmtnde 25


TnccsllDn mtnde 24,25


Tnchloroacetaldehyde 5,17


Tnchloroborane 107


Tnchloroethane 17


Tnchloroethene 17


Tnchlorolsocyanunc aCld 104


Tnchloromethane 17


Tnchloromethyl sulfenyl chlonde 17,20


Tnchloromtromethane 17,27,102


Tnchlorophenoxyacellc aCld 3, 17


Tnchloropropane 17


Tnchlorosl1ane 107


Tndecene 28


Tnethano1amme 4, 7


Tnethy1 alurmnum lOS, 107


Tnethyl anllmooy 24, lOS, 107


Tnethyl arsme 24,107


Tnethyllnsmuthme 24


Tnethylamme 7


Tnethylene phosphoramlde 6,32


Tnethylene lelraamme 7


Tnethyl sllbme 24, lOS, 107


Tnfluoroethane 17


Tnfluoromethylbenzene 17


Tmsobutyl alummum lOS, 107


Tnlead dlmtnde 24,25,102


Tnmercul)' dmltnde 24,25,102


Tnmethyl alummum lOS, 107


Tnmethylamme 7


Tnmethyl anllmony 24, lOS


Tnmethyl arsme 24, 107


1,2,4-Tnmethylbenzene 16


l,3,5-Tnmethylbenzene 16


Tnmethyllnsmuthme 24


Tnmethyl pentane 29


Tnmethylsllbme 24,105,107


Tn-n butylborane lOS, 107


Tnmtroanl1me 7,27,102


Tnmtroanlsole 14,27


Tnmtrobenzene 27, 102


TnmtrobenzOid aCid 3,27,102


I 1 N_I_m_es ""-__R_G_N__......RGNNames


Telnmethyl sUCClJlOlUtnle 26


Tetruulromethane 27,102


Tetraphenyl ethylene 16


TetraphO$phorus tnsUlfide 33,IOS, I07


Tetraselemum tetranllnde 24,25,102


Tetrasul 20


TetrasulCurtetramtnde 25,102


Tetrazene 8,102


Thallium 24


Thallium mtnde 24,25,102


Thallium sulfide 24,33, lOS


Thallous sulCate 24


1lumet· 32


1luonyl chIonde 107


Thioearllonyl chIonde 107


1luodan· 17,20


1luonazm 32


1luonyl chIonde 107


1luophosgene 107


1luophosphol)'1 chIonde 107


1lumn 12


Thonum 22,23,24


Tm tetrachlonde 24,107


Titanic chIonde 24,107


Titanium 22,23,24


Titanium scsqulSulfide 24,33,1OS


Titanium sulfate 24


Titanium sulfide 24,33, lOS


Titanium telrlch10nde 24, 107


'I'MA 7


TNB 27, 102


TNT 27, 102


To1ua1dchyde 5


Toluene 16


Toluene dusocyanate 18,107


Tolmc.C1d 3


Toluldme 7


Toluol 16


TopClde· 6


Tranld· 9,26


TnamphO$ 6,32


Tnbromomethane 17


Tn n buly1alummum 107
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Names RGN I 1.... N_am_es ---''''-_R_G_N__l
Tmutroglycenn 27,102


Tmutronaphthalene 27, 102


Tmutrophenol 27,31,102


Tmutrophenyl methyl ether 14,27


Tmutroresorcmol 27,31,102


Tmutrotoluene 27,102


Tnoctyl alummum IOS,I07


Tnphenyl ethylene 16


Tnphenyl methane 16


Tnpropylamme 7


Tnpropylstlbme 24,107


TnsJ1yl anme 24,107


Tns-(I-lIzmdmyl) phosphme OXIde 6,32


Tntluon 32


Tnthonum tetramtnde 24,25


Tnvmyl subme 24,107


TsumaCIde* 9


Tungsuc aCId 24


Turpenune 101


UDMH 8


ffitl'llClde* 32


Undecene 28


Umsolve 101


Uramum mtnlte 24,104


Uramum sulfide 24,33,1OS


Uranyl mtnlte 24, 104


Urea fonnaldehyde 5


Ureamtnlte 27,102,104


VC 17, 103


Valeraldehyde 5


Valeramtde 6


ValencaCId 3


Vanadtc IICId anhydnde 24


Vanadium oxytnchlonde 24


Vandadium pentoXIde 24


Vanadtum sulfate 24


Vanadium tetroxtde 24


Vanadtum tnchlonde 24, 107


Vanadium tnoxtde 24


Vanadyl sulfate 24


Vapona* 32


Vmyl acetate 13, 103


VmylaZlde 102


Vmylbenzene 16,28,103


Vmyl chlonde 17,103


Vmylcyamde 26,103


Vmyl etheyl ether 14


Vmyltsopropyl ether 17


Vmyhdene chlonde 17,103


Vmyl toluene 28,103


Vmyl tnchlorostlane 107


VX 20,32


Water 106


Waxes 101


Wepsyn* ISS 6,32


Wood 101


Zectran* 9


:zmc 22,23,24


Zane acetyhde 24, lOS, 107


:zmc ammOll1um mtnlte 24, 104


Zmcanenate 24


Zmeanemte 24


Zmcchlonde 24


ZmcdlOxtde 24, 102, 104, 107


Zmcethyl 24, lOS, 107


Zmccyamde 11 24


:zmc fluoborate 24,15


Zmcmtnlte 24,104


Zane pennanganate 24, 104


Zmc peroxtde 24,102,104,107


Zmc phosphIde 24,107


Zmc salts of dunethyl dttluocarbannc aCId 12, 24


:zmc sulfate 24


Zmcsulfide 24,33, lOS


Zmeb* 12,24


Zmophos* 20


ZJ.ram* 12,24


ZJ.rcomum 22,23,24


ZJ.rcomum chlonde 24


ZJ.rcomum ptcramate 24,104


ZJ.rcomum tetnlchlonde 24
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APPENDIXE


GUIDE TO INSTALLATION OF THE ARCHIE COMPUTER PROGRAM


Introduction


The purpose of thIS appendIx IS to proVIde aSSIstance Wlth mstallanon of the Automated
Resource for ChemIcal Hazard InCIdent Evaluanon (ARCHIE) computer program Due to
the very unusual nature of the mstallanon procedure, It IS hIghly recommended that all users
read and follow subsequent instrucnons as closely as possIble. It IS also suggested that
mtroductory portIons of Chapter 12 be read pnor to program mstallanon up to and mcludmg
the secnon on system Imnallzanon.


System Requirements


ARCHIE may be mstalled on ffiMTM personal computers (Pes) and those other such
computers that are fully companble WIth ffiM products and whIch operate under PC-DOS or
MS-DOS dISk operanng systems of VerSIOn 2.0 or hIgher (WIth certaIn excepnons noted
below) Hardware requirements mclude:


• A monochrome or color 80-column momtor linked to a monochrome
dIsplay adaptor (MDA), color graphIcs adaptor (CGA), enhanced graphICS
adaptor (EGA), or VIdeo graphICS array (VGA) VIdeo display card.


• Two disk dnves, at least one of whIch can read 5 25 mch double-sIded,
double denSIty, floppy dIskettes of 360k capacIty.


• 512k of free random access memory (RAM)


• A companble pnnter If wntten summanes are desIred


Special Self-Extracting Program Feature


ARCHIE and ItS aSSOCIated program files do not normally fit Wlthm the space aVailable
on a smgle 360k diskette, yet thIS IS currently the most common type of disk m use and
therefore the best chOIce for Widespread dIstnbunon of the program In order to fit the
program on one dIsk, and thereby save substannal duphcanon and dIstnbunon costs for a
second, the developers of ARCHIE hcensed use of an unusual and poSSIbly umque program
unhty from a pnvate vendor. ThiS utlhty IS unusual m that It permitted the author of
ARCHIE to compress many program files to a fracnon of their normal SIze and then pack
them together mto Just the two files that appear on the dIstnbunon disk. The unhty IS rather
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unique in that a single command will cause each resultmg fJle to unpack and decompress
itself while automatically dIrecting decompressed fJles to the dnve and/or path specified by
the end user. The ongmal packed flIes are not altered or mochfled In any way by thiS
process. Thus, the user may start over at any time 1f a mistake IS made during program
installation.


The two packed rlles proVIded on the dIskette received WIth thiS document are
respectively named VOLUMEl.EXE and VOLUME2.EXE. How one goes about unpacking
and decompressing them for rInal use depends on the types of disk dnves Installed In the
user's computer system and IS dIscussed In the next section.


Note that the followmg Instructions assume that the user has at least minimal
knowledge of fJle management techniques on personal computers. Where Instructions are
not understood, please refer to the manuals that accompanied your DOS dIskettes Key
words to look for In these manuals are shown in italics.


Program Installation Instructions


The following instructions should be adequate to Install ARCHIE on the maJonty of
mM and compatible personal computer systems. Users who encounter dIfflculty should
consult a more experienced computer user for assistance.


For those of you WIth fmrly new computers haVIng only 3.5 Inch floppy dnves, It will
be necessary to copy the ARCHIE program fJles to a 3.5 Inch dIsk pnor to Installation Since
most of you will have encountered thiS type of dIsk conversion problem before, It IS expected
that relatively few users will expenence insurmountable problems in undertakIng this task


For Systems with a Hard Drive or Card:


ASSUmIng that the computer wtll boot automatically (Le., show a system prompt) when
turned on, the best approach IS to Install the entire contents of the program diskette on the
hard drive or card In Its own separate dzrectory Once all fJles have been unpacked,
decompressed, and COPied to this dIrectory, and thIS dIrectory IS the current dIrectory, It IS
only necessary to type "ARCHIE" followed by a press of the ENTER key to start the
program.


A directory is created on a hard dIsk, when the user In the root dIrectory, by typing
"MD\DIRNAME" (leaving out the quote marks shown here and In other commands that
follow), where DIRNAME can be anyone to eight-letter name of the users chOOSing The
user can enter or proceed to the new dIrectory (and thereby make It the current directory) at
any time by typmg "CD\DIRNAME" when the hard dnve IS the default dnve (1 e., when
"C:>" appears on screen as the system prompt)
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WIth the ARCHIE dlstnbunon disk m dnve A, the user should next type "A:" and press
ENTER so that drive A becomes the default dnve WIth "A:>" appeanng as the system
prompt on the screen. It then becomes ttme to actually unpack and decompress the ARCHIE
program mes, thIS bemg accomphshed by typmg:


• "VOLUME1 C:\DIRNAME" followed by a press of the ENTER key


• "VOLUME2 C:\DIRNAME" followed by a press of the ENTER key.


As the program mes unpack and decompress, numerous messages will be shown on
screen. It is prudent to watt unttl VOLUME1 has decompressed and the system prompt has
reappeared before gIvmg the second command hsted above.


Wlnle VOLUME2 is decompressmg, the user WIll be asked whether or not eXlstmg
mes should be overwntten. The answer that should be gIven m response does not make a
difference, but a no answer will save a few seconds of fue transfer ttme. When the system
prompt reappears.


• Type "C:" followed by a press of the ENTER key.


• Type "CDJ)IRNAME" followed by a press of the E~"'TER key.


• Type "ARCHIE" followed by a press of the ENlER key to start the
program.


• See Chapter 12 to learn more about what happens next.


A viable alternative for those who do not WIsh to copy the program onto therr hard
drive or card is to follow the dtrections gIven below for systems with two floppy dnves WIth
two poSSIble mochfi.canons. The frrst IS that the diskette(s) to wmch the decompressed mes
are to be dtrected may not need to be fonnatted with the "IS" suffIX. The second IS that the
user has a chOIce of either dnve B (If present) or dnve C as storage locations for the ACCIdent
Scenario Fues (ASF) described in Chapter 12


For Systems With Two 360k Floppy Drives and No Hard Drive


If your computer has two 5.25 mch floppy dnves of 360K capaCIty, follow these
instrucnons.


• Fonnat two blank diskettes as you normally would, but add the suffix "IS"
to the fonnat command. For example, WIth your DOS diskette m dnve A,
and an unformatted diskette m dnve B, type ''FORMAT B:/S".
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• If the system prompt IS not "A:>"at thIS nme, type "A." followed by a press
of the ENTER key.


• Place one of the newly fonnatted dIskettes m dnve B and place the
ARCHIE dIstnbunon dIskette m dnve A.


• Type ''VOLUME1 B:" followed by a press of the ENTER key and Walt for
the system prompt to reappear after vanous messages.


• Remove the dIsk from dnve B and label It as "ARCHIE Volume I". This
disk will contam the fIrst of two sets of ARCHIE program mes and can be
used to boot the system.


• Place the second newly fonnatted dIskette in drive B.


• Type "VOLUME2 B:" followed by a press of the ENTER key and Walt for
the system prompt to reappear after vanous messages.


• Remove the dIsk from dnve B and label It as "ARCHIE Volume IT". ThIS
disk will contain the second of two sets of program meSo


• Remove the DOS dIskette from dnve A and place the ARCHIE Volume I
disk in this dnve.


• Type "ARCHIE" followed by a press of the E~R key to start the
program. See Chapter 12 for what happens next.


For Systems With Two Floppy Drives ofDifferent Capacity and No Hard Drive


If your computer has two floppy dnves, one of whIch IS of 360K capacity, and the
other of which is of higher capacIty (and therefore uses lugh denslty dlskettes), it IS assumed
that the higher capacity dnve is drive A, smce this is the most common system configuranon.
Follow these instructions to place both sets of ARCHIE program files on one hIgh denSIty
diskette together with the operanng system flIes.


• Fonnat one blank high denSIty dIskette as you nonnally would, but add the
sufflX "/S" to the format command For example, WIth your 360k DOS
diskette m dnve B, and an unformatted hIgh density dIskette m dnve A,
type "B:FORMAT A:/S".


• If the system prompt IS not "B:>"at thIs ttme, type "B:" followed by a press
of the ENTER key.
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• Place the newly formatted htgh density dIskette In dnve A and place the
ARCIllE dIstnbutlon dIskette In dnve B.


• Type "VOLUMEI A." followed by a press of the ENTER key and Walt for
the system prompt to reappear after vanous messages


• Type "VOLUME2 A'" followed by a press of the ENTER key While
VOLUME2 IS unpacking and decompressing, expect to be asked whether or
not eXlstmg fIles should be overwntten The answer that should be given In
response does not make a dIfference, but a no response will save a few
seconds of me transfer time.


• When the system prompt reappears, remove the hIgh densIty dIsk from
dnve A, label it as "ARCHIE", and replace It In dnve A Remove your
DOS dIskette from dnve B. The single high densIty dIskette will contain
all program mes of ARCHIE plus suffICIent room for qUIte a few ACCIdent
Scenano Flies (ASF). The dIsk can be used to boot the system


• Type "A'" followed by a press of the ENTER key to make dnve A the
default dnve. Type "ARCHIE" followed by a press of the ENTER key to
start the program, and see Chapter 12 for what happens next.


Additional Instructions For any System With a Color Monitor


In order for ARCHIE to dIsplay certam screens In full color, It IS necessary for the
ANSI.SYS dnver to be Installed In the CONFIG SYS me of the computer. For those readers
that do not understand the above statement, follow these instructions:


• Locate the flie named ANSLSYS on your DOS diskettes.


• Copy thts flie to the floppy dIskette or root dIrectory of the hard dnve from
whtch the system IS booted up when power IS turned on.


• Look at the above dIskette or location USing the DIR command to determine
whether a flie Wlth the name CONFIG SYS eXISts


• H CONFIG.SYS does eXISt, add the lme "DEVICE =ANSI.SYS" WlthOUt
quotes to the hst of commands In the me ModIfy the me USing the copy
con command descnbed In your DOS manuals, the edlm edItor proVlded on
your DOS dIskettes, or any other ASCn file edItor
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• If CONFIG.SYS does not eXISt, see your DOS manuals for the purpose of
this rue and its contents. Create the rue usmg the copy con command
descnbed in your manualst the edlzn edItor provided on your DOS
diskettest or any other ASCII fl1e edItor.


Potential Problems that May be Experienced


In order to properly unpack and decompress ARCHIEt the self-extracttng program
utility reqUIreS access to speclfic porttons of the computerts memory. This access may at
times be impeded or mterrupted by TSR (tenmnate and stay reSident) programs that may
have been installed earlier in memory. Thust if problems are expenenced during fl1e
decompression or imttal use of ARCHIEt It may be necessary to reboot the computer (or
otherwise ensure that TSR programs have not be mstalled) and repeat the mstallatton
procedure. (Note: A TSR program is usually one that can be acttvated at any ttme by the
usert even while he or she IS m the mIddle of another programt by pressmg a speCific
combmation of keys. AlternattvelYt It may be a performance enhancement utthty of some
type loaded mto memory for one reason or another) Users m office enVIronments who
experience problems and are not sure whether or not theIr system automattcally mstalls one
or more TSRs should seek assistance from a more expenenced computer user -- who IS
advised to check the contents of the AUTOEXEC.BAT fl1e on the boot msk or dnve for
indications that a TSR program IS bemg mstalled


Some versions of DOS 2.X have been Identlfied as havmg mfficulttes executing an
important and frequently used mstructton m ARCHIE referred to as a "SHELL" comman~
even though their documentation has always clmmed that use of this mstructton IS fully
acceptable. If problems are expenenced durmg program uset It may be necessary to obtain
and install DOS version 3 0 or above m order for ARCHIE to functton properly. (Note:
Typical manifestattons of this problem produce "Illegal Functton Call" and "Wrong VersIOn
of Command.Com" error messages durmg program use. Although special steps have been
taken to avoid the problem and It should anse mfrequentlYt some users may nevertheless
experience dIfficulties).


Users who have a color momtort and who neglect to mstall the ANSI SYS dnver as
instructed abovet may not be able to proceed past the second screen of the program
initialization procedure mscussed in Chapter 12 The presence of thls dnver IS mandatory if
the user specifies that a color momtor IS present
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APPENDIXF


BASIS OF PROBABILITY ANALYSIS PROCEDURES


Introduction


TIns appendIx provides and dIscusses the basIs for the probability analysis procedures
presented In Chapter 11 of the guIde.


Transportation of Hazardous Materials by Highway


Available AccidentData for Bulk Transportation by Highway


Although numerous data bases and compIlanons of spIll records are available for
hIghway transportanon, the purpose of many of them IS such that they are not condUCIve to
obtammg aCCIdent frequency esttmates, primarIly because they keep track of the number of
events but not the total exposure Such data bases can stIll be useful, however, In determmmg
breakdowns of aCCIdents by SIze or cause Available data bases and therr completeness, as
noted above, are descnbed by both the July 1986 OTA report and a senes of reports prepared
by MIdwest Research Institute for the Federal HIghway Admimstranon (1987a and b) ThIS
secnon presents some of the faIlure rates and other statIstIcs gIven In the hterature Values
actually recommended for use In emergency planmng follow In a later section


The rate of aCCIdents can be a functIon of road type (urban, rural, etc ), number of lanes,
traffic denSIty, average speeds, type of vehIcle, number of IntersectIons, road condItIons,
weather condItIons, geometry of the road, grade, etc However, dIfferences attrIbuted to these
vanous causes tend to give results that are WIthIn roughly one order of magnItude, WIth the
range usually beIng 1 to 10 x l(}6/mIle or between one and ten aCCIdents per mIllIOn mIles
drIven. (Urbanek and Barber 1980, API 1983, SmIth and WIlmot: 1982, NatIonal Safety
Council: 1988).


Frequently CIted average aCCIdent rates In pnor studIes are


• 5 0 x lO-6/mIle for trucks In the petroleum Industry (API, 1983)


• 25 x 10 6/mIle for trucks (Denms et al. 1978, Rhoads et al 1978 and others)


• 1.4 x lO-6/mIle for trucks WIth trailers In CalIforma (SmIth and WIlmot, 1982)


• 12 x lOS/mIle for all trucks, and


• 3 1 x 10-6/mIle for InterCIty trucks (Nanonal Safety CouncIl, 1988)
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• 1.5 x 10-6/nule for bulk hazardous matenals trucks (Ichmowsla, 1984)


• 8.3 x 10·7/mile for trucks (Kloeber et al, 1979)


• 0.9 - 2.1 x lQ-6/nule for smgle traIler trucks (llHS, 1985)


Yet other rates have been reported for specIfic locations or road types Much of the vanatlon
in these average rates can be explained by level of complIance WIth reportmg requIrements and
different reportmg thresholds m terms of damages sustamed for the vanouS data bases, as well
as the road and weather condltlons m the subject area (Note: See Appendlx A 1f you are not
fanulIar WIth sC1entific notation of numbers such as 5 x 1Q-6 )


W1th respect to the fraction of all reported acc1dents that result m a sp1ll or dlscharge, the
range of esttmates m the literature mclude 020 (ICF, 1984), 0.115 (OTA, July 1986), 0 30
(Elder et al, 1978), 0.46 (ADL, 1979), and other values wmch range from less than 0 01 to
about 0.50. One source states that 0.3-1.2% (0.003-0 012) of most types of truck acc1dents
result in a fire (Denms et al, 1978) Some data sources combme the acc1dent rate W1th
prespecified levels of acc1dent seventy, for example (Clarke et al, 1976)


Mmor
Moderate
Severe
Extra severe
Extreme


2 4 x lO-6/nule
45 x lO-ll/IDlle
7.2 x 10-9/nule
3 5 x 10-9/IDlle
1.2 x 10 9/IDlle


A reVlew of hazardous matenal acc1dents on mghways over the five-year penod 1981
through 1985 was carned out by MRI (1987). Thls study concluded that, based on truck
accidents reported to the Bureau of Motor Carner Safety (BMCS) of the Federal Hlghway
Administration, 152 percent of acc1dents mvolVlng hazardous matenal-carrymg veh1cles
resulted m a release. Acc1dents mvolvmg tank trucks resulted m releases 166 percent of the
time based on 1984-1985 BMCS-reported acc1dent data. It 1S not clear whether acc1dents
involvmg empty trucks wInch normally carry hazardous matenals were mcluded m the data
base; the implIcation m this study, however, 1S that only loaded trucks are mcluded


The dlstnbution of spill amounts m acc1dents mvolvmg spllis 1S somewhat less vanable
One study of data m the Pollutton Inc1dent Reportmg System (PIRS) of the U.S. Coast Guard
found an average spill volume of 1880 gallons for h1ghway transport spllis of hazardous
matenals. An analys1s ofLPG truck acc1dents (Croce et al, 1982) gave breakdowns as follows
for small (<7000 gal) and large (>7000 gal) trucks:
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Spill Size Small Trucks Large Trucks


<100 gal 49% 44%


100 - 1,000 gal 18% 19%


1,000 - 5,000 gal 27% 12%


5,000 -10,000 gal 6% 25%


Another study found an average truck release volume of 2900 gallons (excludIng spills of less
than 100 gal), With 23% bemg less than 100 gal, 22% from 100 - 500 gal, 8% from 500 - 1000
gal, 16% from 1000 - 5000 gal, and 31% from 5000 to roughly 10,000 gal (ADL, 1978).
Rhoads et al (1978) found that about 7% of all spills from gasohne trucks exceed 3000 gallons.


The Hazardous Material Information System of the U S Department of Transportation
has mamtained a data base on the size of reported releases of LPG For the eleven-year penod
of 1976-1986,76 releases of LPG were reported in hIghway accidents. These were dlstnbuted
as follows:


Small releases (1 - 1000 gallons)
Large releases (> 1000 gallons)


Use ofLocal Data


= 53 percent
= 47 percent


State and local hIghway departments may maintam aCCident counts or rates, but It IS less
hkely that they will have information on commodlty flows. For most types of acCidents, It IS
probably deSIrable to stay at the level of state or reglOnWlde data m order to aVOId excludIng
very low frequency events. NationWIde data on aCCident rates IS probably a reasonable
apprOXImation, and the focus should be on lmprovmg the commodlty flow data base rather
than on the acCident data base If only one can be addressed However, whenever local or state
data IS avmlable, It can be substituted for the values used m the worksheet given m Chapter 11.


The CIty of Portland, Oregon, IS an example of a commumty that has conducted a
detalled analysis of the matenals spilled m past accidents and the types of acCidents causmg
these releases. It found that 24 5% of truck acCidents resulted m spills. From 1976-1980,
gasohne accounted for 47.3% of spills, dlesel 23%, asphalt 8.2%, fuel ol1 4.1% and other
materials 17.4%. Commodlty flow data were also obtamed, but It was acknowledged that thIs
information was somewhat incomplete (Robison, 1981). Table F.l summarizes statistics on
truck accidents gathered for the state of Pennsylvama m recent years.
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TABLEF.1
PENNSYLVANIAIDGHWAY ACCIDENTS


1980 1981 1982 1982 1984
Accidents reported 174 165 274 186 207


Fatahtles 24 9 11 16 14


Injured 73 200 257 164 184


Caused by dnvers With cargoes of hazardous matenals 89 81 86 55 48


Caused by other dnvers 82 62 88 75 76


Other causes 5 10 88 56 83


Number of hours mghways were resmcted 137 77 96 112 110


Number of hours mghways were closed 140 164 146 246 110


ACCidents resulttng m loss ofproduct 33 31 47 27 30


ACCIdents resulttng m rrre 4 1 4 4 0


Accidents involving:


ExplOSives and blasttng agents 2 6 6 1 2
I


Flammable hqUlds and sohds 87 67 100 73 91


OXldlzmg matenals, pOIsons, and corrosive matenals 20 22 43 20 25


RadIoactive matenals 3 1 3 0 0


Compressed gases - cryogemcs 16 20 17 32 29


Combustible hqUlds 46 49 106 73 76


Percentage of accidents involving cargoes of:


Flammable hqUlds and sohds, % 50 41 36 37 41


Compressed gases - cryogemcs, % 9 12 6 16 13


ExplOSives and blasttng agents, % 1 4 2 1 1


Radioactive matenals, % 2 1 1 0 0


OXIdlzmg matenals, pOIsons, and corrosive matenals, % 12 13 16 10 11


Combustible hqUlds, % 26 29 39 37 34


Source. Skolmck 1986







SuggestedApproach for Assessment ofAccidentPotential


SInce we are concerned WIth aCCIdents WIth the potential to cause major problems for a
commumty or other junsdlctIon and not those whIch are handled on a routIne basIs, It IS best to
focus on vehlcular acCIdents rather than relatIvely mInor leaks from valves, fittIngs, or open
rehef valves Based on the InformatIon presented above, an average accident rate of 2 x 1(}6
aCCIdents/mIle IS consIdered representatIve of the general experience of trucks CarryIng bulk
quantItIes of hazardous matenals. If adequate local/state data are aval1able for determmatIon
of IndlV1dual aCCIdent rates for dlvlded and undlvlded roadways, theIr use is recommended
because the resultIng rates will more accurately reflect aCCIdent probabilitIes under local
condltIons.


WIth respect to the fraCtIon of truck aCCIdents that result In a spill or dlscharge, the
aval1able data suggest a consensus oplnlon on the order of 050 (50%) If all spdls Includmg
very mInor valve and fittIng leaks are consIdered OmIttIng these, a spill appears to result from
an acCIdent In about 0 15 - 0.20 (15 - 20%) of aCCIdents A value of 0.20 (20%) is therefore
suggested for the sake of conservatIsm.


Based upon the avadable sp111 amount dlstnbutIons, and consldenng the hkely causes of
aCCIdents, the follOWIng dlstnbutIon IS suggested for general use'


• 10% cargo loss (thru 1" hole) or 1000 gal--- 60% of the tIme
• 30% cargo loss (thru 2" hole) or 3000 gal--- 20% of the tIme
• 100% cargo loss (Instantly) or 10,000 gal--- 20% of the tIme


These values cover the range of slgmficant releases. If desIred, a two-POInt dlstnbutIon
aSSUmIng 3000 gallon spIlls 80% of the tIme and 10,000 gallon spills 20% of the tIme may be
used to Slmphfy aCCIdent consequence estlmatIon procedures.


Transportation of Hazardous Materials by Rail


Available AccidentDatafor Bulk Transportation by Rail


The overall acCIdent rate for ral1roads has been reported as bemg 4 6 x 1(}6 aCCIdents per
tram-mIle traveled In 1987. ThIs rate was compnsed of 4.9 x 10-7 colliSIons per tram-mIle, 3.2
x 1(}6 derallments per tram-mIle, and 8.6 x 10-7 other types of accidents per train-mile. The
general trend has been a redUCtIon In the overall aCCIdent rate, the collISIOn rate, and the
derallment rate, WIth only the rate for "other" aCCIdents holdmg at about one per million
tram-mIles (FRA, 1988), as mIght be expected due to the many ne" regulatIons adopted In
recent years to Improve ral1road safety. For example, the overall accIdent rates reported for the
period 1979-1984 were'
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Accidents per
Year million train-miles


1984 6.6


1983 7.0


1982 8.0


1981 8.6


1980 11.8


1979 128


(Note: Some adjustments were made m the rates to account for changes in reportmg
thresholds.) TIns compares to the rate of 4.6 per nnlhon tram-mIles in 1987.


There were 54 ratlroad accidents m 1984 m winch hazardous matenals were released.
The number of cars that released hazardous matenals m these 54 accidents was 100, With 89 of
these bemg involved in deraIlments ColliSions accounted for about 11% of the 54 accidents,
with derailments accountmg for another 75% (FRA, 1985). Over 90% of releases have been
attnbuted to deraIlments in the past (von Herberg, 1979), so deSign Improvements may be
having a benefiCial effect.


The overall rate of 4.6 x 1(}6 aCCidents per tram-mIle can be spIlt mto a rate of about 2 9
x 1(}6 per train-mile for mamlme track and 1 3 x 10-5 per tram-nnle for rml yards (FRA, 1988).
For a recent five-year penod, the average number of cars per freight tram has been about 70
(AAR, 1985), and the number of cars mvolved m each acCident has been estmlated as between
ten and twenty percent of these on average Trams With hazardous matenals cars that
experienced aCCidents m 1984 contamed a total of 2826 cars WIth these matenals. Of these, 581
were damaged and 100 actually released some part or all of therr cargo (FRA, 1985) Stansncs
for 1982 and 1983 gIve comparable results (FRA, 1983 and 1984), WIth the overall fracnon of
cars being damaged being m the range of 0.21-0.29 (21-29%) and the fracnon of these actually
releasing cargo bemg m the range of 011-020 (11-20%) Data for 1987 give a value of 018
Harvey et al (1987) report that the trend has remmned constant at about 0 17, for the last
several years.


Rates reported m other studIes typically reflect aCCident expenence for a year pnor to
that m which the study was completed (or some average of the precedIng years), With many
presenting or using an average annual aCCident rate of 1(}5 aCCidents per trmn-mlIe One
particular study found that the chance of an aCCident resulnng m a hazardous cargo release was
2 x 1(}7 per car-mIle for cars conveymg Liquefied Petroleum Gases -- LPG for short (Kot et al,
1983). Another reported a rate of 4 x 1(}7 splIls per loaded car-mIle usmg 1976 data (Chenncal
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Week, March 15, 1978), wlule a tlurd reported the chance of a :ftre occumng as 28 x 1(}8 Per
car-mtle (Geffen et al, 1980). Note, however, that many of the rates per car-mile that appear m
the hterature were obtamed by dIVldmg the overall accident rate for trams on a mlieage basIs
by roughly 70 cars per tram, Without accountmg for the fact that multlple cars are generally
mvolved m each accident. Thus, such rates must be used Wlth care.


SplIl amount dIstnbutlons for rail accidents are proVlded by only a hmited number of
sources. One analyzed 130 accidents to develop the followmg dIstnbutlon (Nayak et al, 1983):


Gallons Fraction of Spills


Less than 1,000 037 (37%)


1,000 - 5,000 012 (12%)


5,000 - 10,000 0.12 (12%)


10,000 - 25,000 022(22%)


25,000 - 50,000 009 (9%)


50,000 -100,000 008 (8%)


Although no single tank car can contain so much, spills of 50,000 gallons or more are reported
above because more than one car may spill Its contents m an aCCIdent The average spill SIze
has also been reported as bemg 11,100 gallons, With 27% of spills bemg found to be less than
1,000 gallons, 13% bemg between 1,000 and 5,000 gallons, 25% between 5,000 and 10,000
gallons and the rest bemg over 10,000 gallons (ADL, 1978).


Use ofLocal Data


General aCCident rates for rall transportation can usually be obtamed for mdIvldual states
and even for mdIVldual rmlroad companies. It IS also pOSSible to obtaln commodIty flow data
on tlus baSIS, or even at a more local level by contactmg the company operatlng the track of
concern For example, the City of Portland, Oregon found the following commodIty
breakdown based on number ofrallcars m a farrly recent effort (Robison, 1981)'


Flammable hqUlds
Flammable compressed gases
OXIdIzers
Corrosives
Mlxedloads
Non-flammable compressed gases
Class B pOIsons
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159%
146%
117%
115%
94%
31%







Other
Flammable solids
CombustIble hqUlds
Explosives A,B,C
Radioactive matenal


0.8%
07%
07%
0.3%


002%


The Portland researchers pomt out that thIs hst may over-estImate flammable hqulds and
underestimate both toxic and flammable hquefied compressed gases.


Harvey et al (1987) give accident rates by matenal for several matenals, ranging from
0.3xl0-6/car-mile for chlonne to 9.6xl0-6/car-ml1e for hydrochlonc acid. The latter matenalls
thought to have such a hlgh rate m part due to ruptured frangible discs and fallure of the rubber
lining in the car.


Total mileage of track (excludIng yards and sidIngs) IS readlly avallable by state (AAR,
1985) and should also be farrly easy to obtam on a subregional or commumty baSIS. In such
determinations, the mileage withm rall yards Will be Important not so much m terms of total
track available, but rather m terms of total ml1es travelled by anyone tram or car on average
within the yard. Where local data eXist as accident rates or spill frequencies, they can be
directly substituted for the values given m the next sectIon


SuggestedApproachfor Assessment ofAccident Potential


Based on the data presented above, It IS suggested that an accident rate of 3 x 10-6 per
train-mtle be used for mamline track To convert thIs to a per car-ml1e baSIS, It IS assumed that
0.20 (20%) of the cars will be damaged m an accident (based upon data presented m Nayak,
1979). The overall rate therefore becomes 02 x 3 x 10-6/ tram-ml1es or about 6 x 10-7 per
car-ml1e.


The accident rate for rall yards IS obtamed by taking 13 x 10-5 accidents per tram-ml1e
and a 20% damage estImate to obtam about 3 x 10-6/car-mlle for the track m yards Sldmgs
also pose a risk, but these nsks are conSidered herem to be overshadowed by those associated
with mainline and yard track


It is suggested that 0.15 (15%) of accidents be assumed as resultIng m a splll for both
mainhne and yard accidents, as no data are avallable to permtt dIstInctIons between these
events.


With respect to the dIstnbutIons of spill amounts m accidents, the avallable data suggest
use of·
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• 3,000 gallons or 10% of cargo (thru 2" hole) - 50% of the ttme
• 10,000 gallons or 30% of cargo (thru 2" hole) - 20% of the ttme
• 30,000 gallons or total loss of cargo - 30% of the ttme


The hIgher we1ghting of the last category pamally accounts for the potentIal for more
than one car to release part of 1tS contents m an acc1dent


Marine Transportation of Hazardous Materials


Available AccidentData for Marine Transportation


The acc1dents of concern for marme transportatIon mclude collis1ons (movmg and whl1e
moored or docked), groundmgs, and rammmgs Acc1dent rates may be expressed as per port
call, per trans1t, per mile, per shIpment, or per ton-mlle.


An analys1s of acc1dent rate estlmates for collisIOns, groundmgs, and all types of movmg
vessel casualtIes m harbors along Wlth moored casualties has demonstrated that acc1dent rates
denved from different data bases for vanous harbors were qUlte slmllar, Wlth each type of
casualty havmg acc1dent rate estlmates ranging Wlthm a single order of magn1tude (ADL,
1983). Studies of tank barge casualtIes by the U.S. Coast Guard (1979) and by the Mannme
Transportation Research Board (1981) have tallied 229 collis1ons, 173 rammlngs, and 71
groundmgs from 1972-1976. Although manne traffic data are not avmlable for the same nme
penod, Corps of Engmeers data for 1982 permlt computatIon of the following overall accident
rates on a per trans1t bas1s:


Collis1on
Rammmg
Groundmg


3 x 10-3/trans1t
7 x 1(}-4/tranS1t
3 x 1(}-4/tranS1t


Assummg an average tnp length of 200 ml1es, a conservatIve collisIOn rate m the Gulf
Intercoastal Waterway, which 1S representatIve of the Intercoastal Waterway and other
relatively narrow waterways and nvers, can be estimated as being on the order of 5 x 10"6
collisions/mile. For more highly traveled mland waterways and major nvers, mcreased traffic
levels, h1gher speeds, and larger tows would be expected to mcrease the rate of colliSIOns.


The Houston-Galveston Vessel Traffic Servlce (operated by the U.S. Coast Guard) has
compiled statistIcs showing an annual colliSIOn rate Wlthm the Serv1ce area rangmg from 1.5 x
1(}4 to 4.7 x 1(}-4 per trans1t m the period 1977 to 1984, Wlth a mean value of 28 x 1(}4
collis1ons/ tranS1t. Studies of manne casualty rates for conventional self-powered shIps and


;
tankers found a groundmg casualty rate m the range of 5 x 1(}4 to 4 x 10-5 per trans1t. Movmg
collisions ranged from 6 x 1(}-4 to 5 x 10-5 per trans1t and colliSIOns whlle moored ranged from
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1-7 x 1(}5 per port call (ADL, 1983) A study by Todd Slnpyards (1976) for the
Houston-Galveston port system over the five-year penod of 1970-1974 calculated a moored
casualty rate of 1.8 x 1(}-4 colliSIons/port call


The fractIon of accIdents that result In a discharge were found by the above studies to
range from a low value of about 0.01 (1%) for groundings In deep water and collIsIOns
involving double hulled vessels to a Ingh of about 0 40 (40%) for colliSIOns involVing vessels
with single hulls. As reported by AbkoWltz and Galarraga (1986), one study found that the
percentage of aCCIdents that results In spills does not vary conSIderably for different causes of
accidents. ThIs study suggests that about 0.15 (15%) of the aCCIdents of concern result In spills
or discharges.


WIth respect to the expected volumes of spIlls, the Coast Guard's Pollution InCIdent
Reporting System (pIRS) prOVIdes data indicatIng the followmg average spIll amounts dunng
1983:


Commodity Tank ships Tank barges


0J1 543 gal 3309 gal


Hazardous substances 108 gal 4301 gal


Other pollutIng substances 152 gal 84 gal


Total 492 gal 3275 gal


These spill volumes are lower, however, than the averages found m other studies. AbkoWItz
and Galaraga (1986) have reported average spill SIze by locatIon and given:


PIers
Harbors
Entrances
Coastal


25,000 gal
47,000 gal
115,000 gal
416,000 gal


Other analyses have found that wlnle more than 70% of all spIlls are less than 100 gal
and 95% or so are less than 10,000 gal (ADL, 1978 and Stewart and Kennedy, 1978), the
average spill volume from a manne vessel IS on the order of 44,500 gallons (ADL, 1978). One
reason for discrepancIes among studies IS that spills of several nulhon gallons can and do occur
on occasion and have the effect of distorting average values for the tIme penods m winch they
occur.
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Use ofLocal Data


Local data are aVaIlable from a vanety of sources and can be useful for mcreasmg the
accuracy and specificity of accident rate estlmates. Marme traffic data for waterways and
harbor systems m the Umted States are compiled annually by the Corps of Engineers and
publlshed m a document entitled Waterborne Commerce of~ Umted~ The U.S Coast
Guard keeps records of all major accldents!mcldents whether or not they result m a loss of
cargo both in regional offices and m a central system m Washmgton.


ColllslOn and grounding rates have been determmed for the seven locations llsted m
Table F 2 and may be of use to these locales and others With slml1ar charactenstlcs. Each rate
IS denved from actual location-specJ.fic data. The rates for any pamcular body of water or
nver, however, may vary from these or national average accident rates as a result of differences
m:


• Traffic denSity
• Vessel deSign
• Vessel Size
• Vessel speeds
• Local weather conditions
• Traffic controls and restncnons, and
• Use of harbor pilots


Where local data eXIst, they may be used m place of the suggested values given in the
next section.


SuggestedApproach for Assessment ofAccidentPotential


Based upon the mformatlon and data presented above, and given the understanding that
harbors and mland waterbodles are of greater concern than smppmg actlV1t1es on the open
ocean and/or Otherwise distant from coasthnes (m terms of the distances typically associated
With spill effects that may pose a threat to human Me and health), acCident rates and other spill
charactenzatlon factors are presented below for.


• Colllsions m lakes, nvers, and mtercoastal waterways
• Groundmgs m lakes, nvers, and mtercoastal waterways
• Collisions and groundings m harbors and bays
• ColliSions/casualties whlle vessels are moored/docked


An aCCident rate of 1o-s/mile of travel IS suggested for use for collisions m the first
category to cover both the lower expected aCCident rates on certam slow speed waterways and
the mgher ones for congested, mghly utilized routes. Based on Gulf Intercoastal Waterway
(ICWW) stanstlcs, a grounding casualty rate of 5 x 1Q-6/ mile IS suggested for the senous type
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TABLEF.2
LOCATION SPECIFIC CASUALTY RATES


Collisions and
Groundings!


Location CasualtylMile Harbor Transit


Mobile 1.22 x 1Q-4 289 x 1(}3


Houston Ship Channel 7.78 x 1(}5 208 X 1(}3


Corpus Chnsti 1.80 x 1Q-4 1.81 x 1Q-4


I Combined Gulf Ports 9.27 X 1(}5 211 X 1(}3


I Delaware Bay 361 x 1(}5 1.22 x 1(}3


ProVIdence 1.03 x 1Q-4 706 x 1Q-4


Combined Atlantlc Ports 3.74 x 1(}5 1.78 X 1(}3


Reference: Abkowitz and Galarraga, 1986
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of groundmg whIch could lead to a release. Note that thIs IS also a "per nnle" rate. The
harborlbay area grounding and collisIon rate given below IS "per transIt", whtle the moored
colliSIOn rate IS "per port call." (There are two tranSIts per port call.) The suggested rate for
groundmgs and collisIOns m a harbor area IS 10-3/tranSIt, whtle the suggested casualty rate for
moored or docked vessels IS 2 x 1Q4 per port call.


If no dIstmctIon IS bemg made WIth regard to vessel type and constructIon, It should be
assumed that 0.15 (15%) of aCCIdents result m actual loss of cargo to the enVIronment.
AlternatIvely, It can be assumed that aCCIdents mvolvmg smgle-hulled vessels result m cargo
loss 0 25 (25%) of the tIme and that aCCIdents mvolvmg double-hulled and bottomed watercraft
result m cargo loss 0 05 (5%) of the tIme


The recommended dIstrIbutIon of spIll amounts is'


• 10% loss of cargo m one tank!compartment -- 35% of the tIme
• 30% loss of cargo m one tank/compartment -- 35% of the tIme
• Full loss of cargo m one tank!compartment -- 30% of the tIme


ThIs dIstrIbutIon IS somewhat more "severe" than those prOVIded by the spill
dIstrIbutIons presented earlier because those dIstributIons are heavily mfluenced by minor
fittIng leaks and the lIke.


Transportation of Hazardous Materials by Pipeline


Available AccidentData for Pipelines


FaIlure rates for plpelmes are generally given m terms of faIlures per umt length per year.
Speclfic data sources may mdIcate fmlure rates by product carned, by dIameter, and even by
year of mstallatIon. ThIS sectIon presents some of the failure rates and other statIstIcs given m
the lIterature. Values recommended for use m emergency response planmng are given m a
later subsectIon


Two studIes have focused on the dIfferences between oil and gas pIpelines and onshore
and offshore pIpelInes (de la Mare and Andersen, 1980 and Andersen and Mlsund, 1983)
Each concluded that the dIfferences m fmlure rates showed more of a dIameter-dependent
effect (the rate decreases as the dIameter mcreases) than anythmg else The later study came
up WIth two baSIC results -- an overall pIpelIne faIlure rate of about 1 5 x 10-3 per nnle per year
for all dIameters, and one of about 5 x 1(}4 per nnle-year for pIpelInes WIth a dIameter of 20
mches or greater These rates were denved from several studIes wInch all had extremely
conSIstent results Fourteen years of data for gas transnnsSIOn and gathermg lmes m the U S
are also very conSIstent WIth these rates (Jones et al, 1986)
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Unlike transportanon by manne, truck, or rail whtch can have accldents/mcldents
without a release of hazardous matenals, a plpelme fal1ure or accIdent by defimnon mvolves a
release (or partial release) of contents. In the event that there IS a fmlure m a plpelme, most
often the outcome will be a small leak. The leak may persIst for a long perIod of nme,
however, before bemg detected. This can lead to a larger total volume bemg released than one
would otherwise have expected.


Hlstorical data on spill SIze distribunon mcludes an average spill SIze of 8,060 gal, WIth
the foIlowmg spill size breakdown (ADL, 1978):


Gallons


Less than 100 23%


500- 1,000 15%


1,000 - 5,000 8%


10,000 - 25,000 23%


5,000 - 10,000 8%


More than 100,000 23%


The average spill size for poIlunng mCldents was found to be (U S Coast Guard, 1983)·
5,140 gal for oil spills, 350 gal for hazardous substances, and 4,980 gal for all pOIlutmg
materials.


The chance of pipelmes ruptunng has been estlmated m a number of studies to be on the
order of 10% - 20%. One study of a propane pipelme CIted a figure of 14% (Grolher Baron et
al, 1976). Jones et al (1986) classIfies almost 36% of all releases as ruptures, but uses many
definitions of rupture. Very few studies have detailed data on hole SIze.


It has been esnmated that about one-thIrd of natural gas plpelme ruptures Igmte, WIth thIS
estimate increasmg to 45% for very large ruptures. Of the leaks whtch IgnIte, a further 30%
are estimated to explode (Kot et al, 1983) Other data sources (mcludIng Jones et al, 1986) are
consistent with thts or shghtly lower.


Use ofLocal Data


Wlnle using nanonal or worldWIde plpehne accIdent rates can accurately estlmate the
likelihood of releases from oll or gas pipehnes, these rates may overestImate fmlures for hnes
with no internal corrOSIOn posslblllnes or With many protecnve deSIgn features LlkewIse,
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faliures may be underestlmated 1f there IS an extremely corrosive matenal mvolved or If other
factors pose a greater than average nsk Usmg local or state data on hnes could reflect some of
these dIfferences, 1f sufficient mformatIon was aval1able


Suggested Approachfor Assessment ofAccident Potential


Based on the mformatIon presented above, an accident rate of 15 x 1Q-3!ml-yr IS
suggested for hnes of unknown size or hnes less than 20" m diameter. For plpehnes with
diameters greater than or equal to 20", a rate of 5 x 1Q-4!ml-yr IS proposed


With due conSideratIon to data hmltatIons and the capabJ.11tIeS of plpehne discharge
consequence analysIs procedures presented m thIs guide, the followmg spill size <hstnbutIon IS
suggested for analyzmg plpehne releases of hazardous matenals:


• Discharge computed usmg consequence analysIs procedures of Chapter 12
assUmlng a complete hne break along the route of the plpehne - - - - - 20%
of the tIme


• 1 hour release through 1" hole - - - - - 80% of the tlme


Handling of Hazardous Materials at Fixed Facilities


Available AccidentData for Fixed Facilities


Most accident data for fixed facilities focuses on mCldents m which fatallties occurred,
although polluting mCldents are also reported to some level of comphance. More Important,
however, IS the fact that what mformatIon IS recorded does not mclude the necessary exposure
mformatIon to determIne accident rates Data are presented below to demonstrate the type of
information avaliable. The approach and values recommended for use by emergency planners
are presented m a later subsection.


One very large plant was reported as havmg a total of 110 spills m 1973 -- 23 m the
marme termInal area (With an average spill volume of 2000 gal) and 87 spills m the plant area
(with an average spill volume of 1000 gal). Many of these were contalned onslte and corrected
(Carlson et al, 1974).


In the area of loading/unloading spills, very httle data IS avaliable specJ.fically for rali
cars. Just as for trucks there IS a potential for overfills of the recelvmg storage tank or the rali
car, dependmg on which IS bemg filled. Trucks, however, are often emptied/filled by the
driver as opposed to plant personnel. The spill dIstnbutIons given a httle farther below
mcorporate the results of the reported spills m these areas. Whlle one study found that storage
vessels were about twice as hkely to be the cause of mJunes and fatalltIes as other m-plant
events, loadIng and unloading operations were also Clted for causmg mJunes and fatallties
(Industrial Economics, 1985).
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Upset conditions were Clted as bemg responslble for less than 5% of the release events,
except for process vessels where the percentage rose to 13% (lndustnal Econonncs, 1985)
These figures give credence to the concept of basmg accldent rates on eqUlpment fmlure rates
rather than historical release data. COVO (1982) and Consldme et al are two sources of some
of the needed fwlure rate data, many others are also avwlable.


The relative hazards of process versus storage actlvltles have been an ongomg tOP1C of
debate, with the common theory bemg that process actlvltles are much less safe However, lt
has been shown that for large numbers of fatalltles (as lS the concern of thls report) thlS lS not
the case, because of the large volumes generally mvolved m storage areas (Lees, 1983) This
same study also reported on the frequencles of flIes m vanous types of faClhtles m 1977.


Refinenes
Natural gas plants
Tank farms
Bulk terminals-shore
Bulk termmals-mland


> 1/year
3.7 x 10 2/year
1.1 x 10 2/year
2.1 x 10 2/year
1.0 x 10 2/year


Fires are of parttcular concern in warehouses and other storage sltuations where they may
be the most hkely cause of a hazardous matenals release, at least for slgnlficant releases
(Forklift handhng of vanous storage contamers lS very hkely to damage packages, but the
damage will generally be qUlte hmited and any releases readl1y controlled )


An analysls performed by the NFPA FlIe AnalYS1S D1Vlslon showed the followmg
average annual number of flIeS, based on 1980 to 1983 data:


Flonst shops, greenhouses 569
Gasoline serVlce stations 1789
Chenncal, medical laboratones 172
Agricultural laboratory 22
General research laboratory 733


The exact exposure m each of these categones lS not known, but as a rough upper bound lt can
be assumed that the average rate of flIeS per property is 1()-3/year (perhaps hlgher for gasolme
service stations).


Spill size information lS Wldely variable, agam reflecting the dlverslty of faCUltleS falhng
into thls category. One study (ADL, 1978) found the folloWlng dlstnbutlons.
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Avg.Spill <100 gal 100-500 500-1000 1000-5000 >5000


FlXed faclhty 18,110 gal 48% 20% 7% 14% 11%
LoadIng/unloadIng


- truck 300 50% 50%


-ral1 7,390 11% 33% 12% 22% 22%


-marme 7,840 68% 20% 2% 4% 6%


The average for manne IS very lugh relatIve to the dlstnbutIon because of a few very large
releases


Another study found that the average spIll SIzeS for pollutIng IncIdents were (U S Coast
Guard, Calendar Year 1982 and 1983)


Non-Transportation Oil Hazardous Total
Spills Substances


Refinery 400 gal 12,500 1,530


Bulk storage 1,290 210 1,240


Onshore productIon 4,660 -- 5,660


Offshore productton 95 114 95


Marme FacilitIes


Fuel transfer 310 -- 320


Bulk transfer 510 1,290 500


Non-bulk transfer 55 -- 190


Land FacilitIes 400 100 460


Use ofLocal Data


Local data IS obviously cnttcal In terms of determmmg the exposure, but IS not as
important for determmIng aCCIdent rates, because of the approach outhned below. If a
partIcular faclhty has completed a nsk assessment for some reason, and makes the results of
tlus study aval1able to the local emergency response planner, then the study's release estlmates
may be replaced for the analysis called out below. The relative rarity of some of the failures
Il}.akes It very unlIkely that local lustoncal data will include the full range of potentIal release
events.
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Local or regional data may also be used to determme spill SIze estlmates If insufficIent
information is proVided by the facilines of concern. EPA regIons tend to proVide semI-annual
summaries of the releases reported to them


SuggestedApproachfor Assessment ofAccidentPotential


Based upon the infonnanon presented above, the approach suggested for gettIng a handle
on fIXed facility risks is to conSIder three baSIC types of release events for plants; one or two
release scenarios for facilities such as water treatment plants, laboratones and Industnal
facilities; and ~ne release scenano for warehouses and other facdltles stonng hazardous
materials. It has been shown that very httle speclfic mstoncal Infonnanon eXiSts upon whIch
to base aCCIdent rates Hence, the best approach IS to look at eqUIpment fmlure rates. The
increasmg use ofphysical barriers to hmlt spills, dramage systems to channel spills and ventIng
and scrubbmg systems to control releases all help to render th1s slmpllfied aCCIdent estlmatIon
procedure more meaningful.


For example, a large facility may be coarsely modelled as haVing storage operatIons,
loading/unloading operations, and proceSSing operanons. These can respectIvely be
represented. by storage tank failures and leaks, hose fmlures, and pIpIng and process vessel
failures. The rates suggested for each of these are:


Storage tank - double walled
Stomge tank - single walled
Pressure vessels
Piping
Loading hoses


1(}6/tank-year
1(}4/tank-year
l(}4/vessel-year
1.5 x lO-6/ft-year
1(}4/operanon or
1()-2/hose-year


While these certaInly do not cover all potentIal release scenanos, they do capture some of
the more hkely ways to lose large volumes of matenal. The only pIping of pnme concern IS
that of relanvely large diameter and long segments In other words, a l00-foot expanse of 8"
pipe should be counted 1f It contams hazardous matenals, but not 10 or 20 foot sectlons
between vessels. The spill SIze IS generally taken to be a function of the speCIfic release
scenario since historical averages are dlfficult to apply.


For the middle category of Industrial users, water treatment plants, laboratones, etc., the
main focus should be on storage tank or contamer failures. PIping fmlures or loadlng hose
failures may be conSIdered 1f there IS a SIgnIficant amount of pIping (say over 100 feet) or If
there are a lot of loadings/unloadlngs (say 10 or more per year). The rates to be used are the
same as those listed above.
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Storage of hazardous matenals, such as In warehouses or greenhouses, may also result In
faIlures of storage contaIners, but the greater threat here IS probably from a frre whlch spreads
to the storage area and results In release, Igmtton, explosIOn, and/or combustton of stored
matenals (WIth attendantevolutton of potenttally tOXlC smoke) The occurrence rate of such
fires IS suggested to be lQ-3!yr, WIth a release of 10% to 100% of the stored volume ThIS IS
one area In whlch more specIfic local data and Informatton would be pamcularly helpful for
better definitton of scenarios and esttmatton of therr hkehhood


The approach of thls sectton IS not to cover all potenttal sources of hazardous matenals
releases, but to cover some of the larger and more hkely events


References


AbkoWltz, M. and J. Galarraga. "Tanker ACCIdent Rates and Expected Consequences In
U.S. Ports and Ihgh Seas Regions," Recent Advances In Hazardous Matenals
Transportatton Research, An Internanonal Exchange, State-of-the-Art Report 3,
Transportanon Research Board, WashIngton, DC, 1986, pp 161-169.


Amencan Petroleum Instttute. "Summary of Motor Vehlcle ACCIdents In the Petroleum
Industry for 1982," June 1983.


Andersen, T. and A. Mlsund. "Plpehne RehabIhty. An Invesngatton of Plpehne FaIlure
Charactensttcs and AnalysIs of Plpelme Fmlure Rates for Submanne and
Cross-Country Plpehnes," Journal of Petroleum Technology, Vol. 35, No.4, Apnl
1983, pp 709-717


Arthur D LIttle, Inc "RISk AnalysIs of Shlps ServIng Expanded Mongstad Refinery,"
Report to Statod, May 1983


Arthur D. LIttle, Inc. "Assessment of Risks and Risk Control Opttons ASSOCIated WIth
LIquefied Natural Gas Truckmg Operanons from Dlstngas Termmal, Everett,
Massachusetts," prepared for the U S Department of Transportatton, Contract No
DOT-RC-82037, June 1979.


Arthur D LIttle, Inc. "Esnmanon of the Frequency and Costs ASSOCIated WIth the Cleanup
of Hazardous Matenals SpIlls," prepared for the US EnVIronmental Protecnon
Agency, Contract No 68-01-3857, September 1978


AssOClanon of Amencan Railroads "Railroad Facts, 1985 Edltton," August 1985.


Carlson, L E , J F. Erdmann and G J Hanks, Jr "How One ChemIcal Company IS Attaclong
the Spdl Problem," ProceedIngs of 1974 Nanonal Conference on Control of
Hazardous Matenals SpIlls, pp 106-118.


F-19







Chemical Week. "Gettmg ratlroad safety back on track," March 15, 1978, pp 20-21.


Clarke, RK. et al "SeventIes of TransportatIon ACCIdents," Sandia Laboratones, NTIS
SLA-74-0001, July 1976.


ConsIdIne, M., G.C. Gnnt and P.L. Holden "Bulk Storage of LPG - Factors Affecttng
Offsite Risk," InstItutIon of CheInlcal Engmeers SymposIUm Senes No. 71, pp.
291-320.


cava Steering COmmlttee. RIsk AnalYSIS of SIX PotentIally Hazardous Industnal Objects
in the RIjnmond Area, aP110t Study, Boston' DReIdel Pubhshmg Co, 1982.


Croce, P.A. et al "A FeasIbility Study of a Sealed Safety Momtor for Trucks Carrymg LNG
and Other Hazardous Matenals," prepared by Arthur D. LIttle, Inc for the US
Department of Energy, Office of OperatIonal Safety Programs, DOE/EV/10502-1,
December 1982.


de la Mare, RF. and O. Andersen Plpehne Rehability, Report No 80-0572, Det Norske
Veritas, August 1980.


Dennis, A.W. et al. "SeventIes of TransportatIon ACCIdents Involvmg Large Packages,"
Sandia Laboratories, NTIS SAND-77-0001, May 1978.


Elder, H.K. et al. "An Assessment of the RIsk of TransportIng Spent Nuclear Fuel by
Truck," prepared by Paclfic Northwest Laboratory for the U.S. Department of Energy,
PNL-2588, November 1978


Federal Ra11road Admim.stration. "Accldent/Incldent BulletIn, No. 156, Calendar Year
1987," July 1988.


Federal Ral1road AdImmstration. "Accldent/Incldent BulletIn, No 153, Calendar Year
1984," June 1985.


Federal Ral1road AdImnlstratIon. "Accldent/Incldent BulletIn, No 152, Calendar Year
1983," June 1984.


Federal Ral1road AdImmstratIon "Accldent/Incldent BulletIn, No 151, Calendar Year
1982," June 1983.


Geffen, CA. et al. "Assessment of the RIsk of TransportIng Propane by Truck and Tram,"
prepared by Paclfic Northwest Laboratones for the US Department of Energy,
PNL-3308, March 1980


F-20







Grolher Baron, R, R. Lombre and V. Rochma. "Hazard AnalysIs for a LIqUId Propane
Pipehne," Recent Advances m Hazardous Materials Transportatlon Research, An
International Exchange, State-of-the-Art Report 3, Transportatlon Research Board,
Washmgton, DC, 1986, pp. 141-146.


Harvey, A.E., P.C. Conlon, and T S. Ghckman, "StatiStical Trends m RaIlroad Hazardous
Matenals Transportatlon Safety - 1978 to 1986," Pubhcatlon R-640, ASSOCIatlon of
American RaIlroads, Washmgton Systems Center, September 1987.


ICF, Inc. "Assessmg the Releases and Costs Associated WIth Truck Transport of Hazardous
Wastes," prepared for the U.S. EnvIronmental Protection Agency, NTIS PB84-224468,
1984.


Ichmowskl, T. "New measures to bolster safety in transportation," ChemIcal Engmeenng,
November 12, 1984, pp. 35-39.


Industrial EconomIcs, Inc. "Acute Hazardous Events Data Base," prepared for the
Environmental Protection Agency, NTIS PB86-158946, December 1985.


Insurance Institute for Highway Safety, "Big Trucks and Highway Safety," 1985.


Jones, E J et al. "An AnalYSIS of Reportable inCIdents for Natural Gas Transnnsslon and
Gathenng Lmes 1970 through 1984," prepared by Battelle Columbus Laboratones for
the Amencan Oas ASsociatlOn, NO-18 Repon No. 158, March 1986


Kloeber, G. et al. "Risk Assessment of Air Versus Other Transportatlon Modes for
Explosives and Flammable Cryogemc LIquids, Volume I: Risk Assessment Method
and Results," prepared by ORl, Inc. for Matenals Transportation Bureau, NTIS
PB80-138472, December 1979.


Kot, C.A. et al. "Hazardous Matenal ACCIdents Near Nuclear Power Plants: An Evaluatlon
of Analyses and Approaches," prepared by Argonne Nanonal Laboratory for the U.S.
Nuclear Regulatory Comnnsslon, NUREG/CR-3548, October 1983


Lees, F.P. "The Relative Risk From Materials m Storage and m Process," Jorunal of
Hazardous Matenals, 8,1983, pp. 185-190.


Mantlme Transportatlon Research Board "Reducmg Tankbarge PollUtlon," Report of the
Comnnttee on Reducmg Tankbarge Pollunon, Natlonal Research CounCll, June 1981.


Midwest Research InStltute, "Present Practices of Highway Transportatlon of Hazardous
Matenals, Task B Intenm Report, LIterature ReVIew," prepared for Federal Highway
Admimstranon, DTFH61-86-C-00039, January 30,1987.


F-21







Midwest Research InstItute, "Present PractIces of HIghway TransportatIon of Hazardous
Materials, Task C Intenm Report, AnalysIs of EXistIng Data Bases," prepared for
Federal HIghway AdnnmstratIon, DTFH61-86-C-00039, May 19, 1987


National Safety Councll. "Accident Facts, 1988 EdItIon"


Nayak, P.R. "An AnalysIs of the Probability of Deral1ment With a Tram Consist," prepared
by Arthur D. Little, Inc. for the TransportatIon Systems Center, U.S. Department of
TransportatIon, December 1979


Nayak, P R., D.B. Rosenfield and J H Hagopian. "Event ProbabilitIes and Impact Zones for
Hazardous Matenals Accidents on Ral1roads," prepared by Arthur D. Little, Inc for
the Federal Ral1road AdnnmstratIon, DOTIFRA/ORD-83/20, November 1983.


Office ofTechnology Assessment. "TransportatIon of Hazardous Matenals," OTA-SET-340,
WashIngton, DC: U.S. GovernmentPnnttng Office, July 1986.


Rhoads, R E. et al. "An Assessment of the Risk of Transporttng Gasohne by Truck,"
prepared by Pacific Northwest Laboratory for the U.S Department of Energy,
PNL-2133, November 1978.


Robison, R.W. "Hazardous Materials Hazard AnalysIs," prepared by the Ctty of Portland,
Office ofEmergency Management, June 1981


Skolnick, M. Discussion comments on paper by D.J. Fnend, "Public Concerns and
Hazardous Matgenals Transportation Safety: ClOSing the Gap," Recent Advances In


Hazardous Matenals TransportatIon Research, An International Exchange,
State-of-the-Art Report 3, Transportation Research Board, Washington, DC, 1986, pp
193-194.


Smlth, R.N. and EL. Wl1mot. "Truck ACCident and Fatallty Rates Calculated from
Callforma HIghway ACCident StatIStICS for 1980 and 1981," prepared by Sandia
NatIonal Laboratones for US. Department of Energy, SAND-82-7066, November
1982


Stewart, R.J. and M B. Kennedy. "An AnalysIs of U S. Tanker and Offshore Petroleum
ProductIon Oll Spillage Through 1975," prepared by Marttngale, Inc for the U S.
Department of the Intenor, May 1978.


Todd Shipyards. "Nature of ShIp ColliSions WithIn Ports," Report for U.S. MantIme
AdmlmstratIon, NTIS PB-:55 304, Apn11976.


F-22







u.s. Coast Guard. "Polluting Incidents In and Around U.S. Waters, Calendar Year 1982 and
1983:'


U.s. Coast Guard. Draft Regulatory AnalySIS and Environmental Impact Statement for
DeSign Standards for New Tank Barges and Regulatory Action for Existing Tank
Barges to Reduce Od Pollution Due to Accidental Hull Damage. Docket #75-083 and
#75-083a, Office of Merchant Marine Safety, May 1979.


Urbanek, G.L. and E.J. Barber. "Development of Cnteria to Designate Routes for
Transporting Hazardous Matenals," prepared by Peat, Marwlck, Mitchell and Co. for
the Federal HIghway Administration, NTIS PB81-164725, September 1980.


von Herberg, P. "Prevention IS the Best Cure," Chemical Purchasing, September 1979, pp.
79-84.


F-23 * us G01lERNMENT PRINllNG OFFICE 1990 725-600/20672









		10003MK5

		10003MK6

		10003MK7

		10003MK8

		10003MK9

		10003MKA

		10003MKB

		10003MKC

		10003MKD

		10003MKE

		10003MKF

		10003MKG

		10003MKH

		10003MKI

		10003MKJ

		10003MKK

		10003MKL

		10003MKM

		10003MKN

		10003MKO

		10003MKP

		10003MKQ

		10003MKR

		10003MKS

		10003MKT

		10003MKU

		10003MKV

		10003MKW

		10003MKX

		10003MKY

		10003MKZ

		10003ML0

		10003ML1

		10003ML2

		10003ML3

		10003ML4

		10003ML5

		10003ML6

		10003ML7

		10003ML8

		10003ML9

		10003MLA

		10003MLB

		10003MLC

		10003MLD

		10003MLE

		10003MLF

		10003MLG

		10003MLH

		10003MLI

		10003MLJ

		10003MLK

		10003MLL

		10003MLM

		10003MLN

		10003MLO

		10003MLP

		10003MLQ

		10003MLR

		10003MLS

		10003MLT

		10003MLU

		10003MLV

		10003MLW

		10003MLX

		10003MLY

		10003MLZ

		10003MM0

		10003MM1

		10003MM2

		10003MM3

		10003MM4

		10003MM5

		10003MM6

		10003MM7

		10003MM8

		10003MM9

		10003MMA

		10003MMB

		10003MMC

		10003MMD

		10003MME

		10003MMF

		10003MMG

		10003MMH

		10003MMI

		10003MMJ

		10003MMK

		10003MML

		10003MMM

		10003MMN

		10003MMO

		10003MMP

		10003MMQ

		10003MMR

		10003MMS

		10003MMT

		10003MMU

		10003MMV

		10003MMW

		10003MMX

		10003MMY

		10003MMZ

		10003MN0

		10003MN1

		10003MN2

		10003MN3

		10003MN4

		10003MN5

		10003MN6

		10003MN7

		10003MN8

		10003MN9

		10003MNA

		10003MNB

		10003MNC

		10003MND

		10003MNE

		10003MNF

		10003MNG

		10003MNH

		10003MNI

		10003MNJ

		10003MNK

		10003MNL

		10003MNM

		10003MNN

		10003MNO

		10003MNP

		10003MNQ

		10003MNR

		10003MNS

		10003MNT

		10003MNU

		10003MNV

		10003MNW

		10003MNX

		10003MNY

		10003MNZ

		10003MO0

		10003MO1

		10003MO2

		10003MO3

		10003MO4

		10003MO5

		10003MO6

		10003MO7

		10003MO8

		10003MO9

		10003MOA

		10003MOB

		10003MOC

		10003MOD

		10003MOE

		10003MOF

		10003MOG

		10003MOH

		10003MOI

		10003MOJ

		10003MOK

		10003MOL

		10003MOM

		10003MON

		10003MOO

		10003MOP

		10003MOQ

		10003MOR

		10003MOS

		10003MOT

		10003MOU

		10003MOV

		10003MOW

		10003MOX

		10003MOY

		10003MOZ

		10003MP0

		10003MP1

		10003MP2

		10003MP3

		10003MP4

		10003MP5

		10003MP6

		10003MP7

		10003MP8

		10003MP9

		10003MPA

		10003MPB

		10003MPC

		10003MPD

		10003MPE

		10003MPF

		10003MPG

		10003MPH

		10003MPI

		10003MPJ

		10003MPK

		10003MPL

		10003MPM

		10003MPN

		10003MPO

		10003MPP

		10003MPQ

		10003MPR

		10003MPS

		10003MPT

		10003MPU

		10003MPV

		10003MPW

		10003MPX

		10003MPY

		10003MPZ

		10003MQ0

		10003MQ1

		10003MQ2

		10003MQ3

		10003MQ4

		10003MQ5

		10003MQ6

		10003MQ7

		10003MQ8

		10003MQ9

		10003MQA

		10003MQB

		10003MQC

		10003MQD

		10003MQE

		10003MQF

		10003MQG

		10003MQH

		10003MQI

		10003MQJ

		10003MQK

		10003MQL

		10003MQM

		10003MQN

		10003MQO

		10003MQP

		10003MQQ

		10003MQR

		10003MQS

		10003MQT

		10003MQU

		10003MQV

		10003MQW

		10003MQX

		10003MQY

		10003MQZ

		10003MR0

		10003MR1

		10003MR2

		10003MR3

		10003MR4

		10003MR5

		10003MR6

		10003MR7

		10003MR8

		10003MR9

		10003MRA

		10003MRB

		10003MRC

		10003MRD

		10003MRE

		10003MRF

		10003MRG

		10003MRH

		10003MRI

		10003MRJ

		10003MRK

		10003MRL

		10003MRM

		10003MRN

		10003MRO

		10003MRP

		10003MRQ

		10003MRR

		10003MRS

		10003MRT

		10003MRU

		10003MRV

		10003MRW

		10003MRX

		10003MRY

		10003MRZ

		10003MS0

		10003MS1

		10003MS2

		10003MS3

		10003MS4

		10003MS5

		10003MS6

		10003MS7

		10003MS8

		10003MS9

		10003MSA

		10003MSB

		10003MSC

		10003MSD

		10003MSE

		10003MSF

		10003MSG

		10003MSH

		10003MSI

		10003MSJ

		10003MSK

		10003MSL

		10003MSM

		10003MSN

		10003MSO

		10003MSP

		10003MSQ

		10003MSR

		10003MSS

		10003MST

		10003MSU

		10003MSV

		10003MSW

		10003MSX

		10003MSY

		10003MSZ

		10003MT0

		10003MT1

		10003MT2

		10003MT3

		10003MT4

		10003MT5

		10003MT6

		10003MT7

		10003MT8

		10003MT9

		10003MTA

		10003MTB

		10003MTC

		10003MTD

		10003MTE

		10003MTF

		10003MTG

		10003MTH

		10003MTI

		10003MTJ

		10003MTK

		10003MTL

		10003MTM

		10003MTN

		10003MTO

		10003MTP

		10003MTQ

		10003MTR

		10003MTS

		10003MTT

		10003MTU

		10003MTV

		10003MTW

		10003MTX

		10003MTY

		10003MTZ

		10003MU0

		10003MU1

		10003MU2

		10003MU3

		10003MU4

		10003MU5

		10003MU6

		10003MU7

		10003MU8

		10003MU9

		10003MUA

		10003MUB

		10003MUC

		10003MUD

		10003MUE

		10003MUF

		10003MUG

		10003MUH

		10003MUI

		10003MUJ

		10003MUK

		10003MUL

		10003MUM

		10003MUN

		10003MUO

		10003MUP

		10003MUQ

		10003MUR

		10003MUS

		10003MUT

		10003MUU

		10003MUV

		10003MUW

		10003MUX

		10003MUY

		10003MUZ

		10003MV0

		10003MV1

		10003MV2

		10003MV3

		10003MV4

		10003MV5

		10003MV6

		10003MV7

		10003MV8

		10003MV9

		10003MVA

		10003MVB

		10003MVC

		10003MVD

		10003MVE

		10003MVF

		10003MVG

		10003MVH

		10003MVI

		10003MVJ

		10003MVK

		10003MVL

		10003MVM

		10003MVN

		10003MVO

		10003MVP

		10003MVQ

		10003MVR

		10003MVS

		10003MVT

		10003MVU

		10003MVV

		10003MVW

		10003MVX

		10003MVY

		10003MVZ

		10003MW0

		10003MW1

		10003MW2

		10003MW3

		10003MW4

		10003MW5

		10003MW6

		10003MW7

		10003MW8

		10003MW9

		10003MWA

		10003MWB

		10003MWC

		10003MWD

		10003MWE

		10003MWF

		10003MWG

		10003MWH

		10003MWI

		10003MWJ

		10003MWK

		10003MWL

		10003MWM

		10003MWN

		10003MWO

		10003MWP

		10003MWQ

		10003MWR

		10003MWS

		10003MWT

		10003MWU

		10003MWV

		10003MWW

		10003MWX

		10003MWY

		10003MWZ

		10003MX0

		10003MX1

		10003MX2

		10003MX3

		10003MX4

		10003MX5

		10003MX6

		10003MX7

		10003MX8

		10003MX9

		10003MXA

		10003MXB

		10003MXC

		10003MXD

		10003MXE

		10003MXF

		10003MXG

		10003MXH

		10003MXI

		10003MXJ

		10003MXK

		10003MXL

		10003MXM

		10003MXN

		10003MXO

		10003MXP

		10003MXQ

		10003MXR

		10003MXS

		10003MXT

		10003MXU

		10003MXV

		10003MXW

		10003MXX

		10003MXY

		10003MXZ

		10003MY0

		10003MY1

		10003MY2

		10003MY3

		10003MY4

		10003MY5

		10003MY6

		10003MY7

		10003MY8

		10003MY9

		10003MYA

		10003MYB

		10003MYC

		10003MYD

		10003MYE

		10003MYF

		10003MYG

		10003MYH

		10003MYI

		10003MYJ

		10003MYK





 
Jon Micah Goeller
 

Assistant Regional Counsel-Office of Regional Counsel
U.S. EPA- Region 5
77 W Jackson Blvd. Chicago, IL 60604
312-886-3446
goeller.jon@epa.gov
 
From: Patrick K. Stevens <PStevens@axley.com> 
Sent: Tuesday, March 12, 2019 3:02 PM
To: Goeller, Jon Micah <goeller.jon@epa.gov>
Subject: RE: Didion NOV/FOV update
 
Thanks Jon:  I will verify the time with our attendees.  In addition to the FLIR info, we really need to
see all the details regarding EPA’s emissions estimate that is included in the NOV, including all inputs
and all calculations.  The sooner we could get them the better. 
 

Patrick K. Stevens
Phone: (262) 409-2296

Axley Brynelson, LLP

 

From: Goeller, Jon Micah [mailto:goeller.jon@epa.gov] 
Sent: Tuesday, March 12, 2019 2:51 PM
To: Patrick K. Stevens <PStevens@axley.com>
Subject: Didion NOV/FOV update
 
Patrick:
 
Thanks for your patience on this. After talking with Greg and Jim, the afternoon of Wednesday,
April 24, works best for the NOV/FOV conference. Say 1:00 pm Central Time? We can provide
information about parking, transportation, or getting through our security screen here in Region 5.  I
will also send out a separate calendar invite for the meeting.
 
As far as the tool used to determine fugitive emissions, Greg directed me to this optical gas imaging
(OGI) camera. Please let us know if you have any further questions.
 
Jon Micah Goeller
 

Assistant Regional Counsel-Office of Regional Counsel
U.S. EPA- Region 5
77 W Jackson Blvd. Chicago, IL 60604
312-886-3446
goeller.jon@epa.gov
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